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| E E Rea wit" meet I 
the Title. Page with an ac- 
count of the Occaſion that 
yon birth to the following 
Treatiſe. Thus much fur- 
ther it may not be amiſs to tale notice of, 
that as it was written to be deliver'd ; 5 
wordof mouth only, the Writer thought 1 it 
| beſt to put what he had to ſay into a con- 
BB tinued Diſeourſe, and not into the Form. 
| uſed by Mathematicians 5 making it bis © 
Endeavour to find a way of Expreſſion 
7 as familiar and approaching to common 
-K| Speech as be could cont veniently ; aiming 
£ | throughout at Perſpicuity rather than 
Conciſeneſs. - This proving not unaccep- 
table to ſome Hearers, it was imagined 
that it might chance to fall in II the . 
Taſte of other perſons.” 5 

It may not be unfit to ſay a few words 

: — concerning the Manner, in which © 
= Poe Fange is 0 . And Ll it 


bee 


1 5 
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Th begins 2550 hs Laws of 1 Mo otion. Ive I 
: * - that this previous St 
cdtctceſſary, it being eaſit to bave ſh . 
e Properties of the Mechanical Powers 4 
-  - without it. But the Importance of 
Principles being ſo great, and the . Un- . 
dAerſtanding of them being a. convenient 
tho? not 4 neceſſary « Introduction to the 
remaining part, I am perſuaded. the 
Reader will not be diſpleaſed. to meet 
them there. Their extenſ# rue U/e,: as be- 
ing the Foundation of all Natural Philo- 
ſophy, inclined me to treat of them more 
diffuſely. than has hitherto been done; 
partly for an Introductiou to higher Spe- 
culations, and partly becauſe it has been 


; „ 16 abſolutely ne. 1 7 ; 5 
eWwn the = 


my fortune to meet Sometimes with z inge. 


nious perſons, but not converſant. in 
theſe matters, who have not ſ6 readily 

 anderſiood and aſſented to ſome things 

relating to them, as one. would have er- 


be pected. 


From tho ſe 4 Princinhes the der N 


of the Mechanical Powers are demon- 


| 15 ſtrated; in the doing of which, Mathe- . 
i "OS. T N baue been avoided as. 


much 
7 id 


- Serbe as obs e — . 
Where they were. neceſſary, are 2 — * 
ed. There is added at the Eud, 4 27 
 conrſe concerning the Sail; which, tho“? 
| | wor uſuallyreckoned with the other Pow. 


ers, is of too univerſal Dye to be omit- 
ted. There is alſo Subjoined an Appen- 
dix, in which ſome Propoſit tions, which 


 wereunavoidably expreſs'd in Geometri- | 


cal Terms, are exemplified in Numbers; 
which will be of ſervice to the ungeome- 
. trical Reader, by explaining the Mean- 
ing and Uſe of the Propoſi bine, while | 
he takes the Proofs upon Truſt. 

Beſides thoſe for whom this M. 171 is 
immediately intended, who having 4 


dy exerciſed themſelves in pure Geome- 


try are. willing to make ſome further 
Pro greſs in the Mathematical Sciences, 
I conceive it may be of ſome ſervice to 

the following Perſons. Firſt, to thoſe 
Gentlemen who have gone thro* Courſes 
of Experiments becauſe as the Subject 
25 dos treated in the ſame. way of Diſ- 


courſe, in which the Experiments they 


es are explained to them, and not itt 4 
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6 1 * 3 may e 8 
their Memories with ſome things they 
have forgot or remember but imperfetHy. 
It may alſo be of uſe to thoſe who are 
13 entring upon the $ tudy of Natural 


, Philoſophy, . as they will find the Laws 


of Motion, which are the Foundations of 
: that Science, more largely explained than 
it commonly done; which, when thorough- 
ty apprehended, will prove a great Ad- 
Vance to more difficult Specutations. 
There is another ſort of Perſons, 
5 whon T had in my eye, and would be 
very glad to benefit 5 which are induſtri- 
ous. and dextrous M. orkmen. Of theſe 
J have known ſeveral, who would be 
Well pleaſed to underſtarid the Nature of 
thoſe Machines which they daily uſe, but 
under ſtand no otherwiſe than by be. 13 
Such Perſons will I believe be Sh con- 
; tented to find the Reaſons. here explaimn- 
ed of ſeveral Things, which they do at 
preſent only becauſe they have ſeen them 
done before. I can but think, that with 
fo me Things they don't apprehend, they. 
* E e Fhat they. may. and 
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n : hed it 5 be both 4 n = „ 
4 Convenience to be informed of; the 
Things here explained being not depen- 
dent upon one another, but proved and 


: handled # in different manners. 


The Way 1 would. therefore. 8 0 
mend to fach Readers, ſhould be to read 


the Whole through, paſſing over ſuch 
things at they. don't well underſtand, 
. and making 95 beſt Advantage of what 


they do, This Method of proceeding 
may invite a ſecond Review, in which 
' they will find many things become eaſier 


8 than they appeared at the firſt Peruſal. 


tor all, I fhall be very much. obli- 
ged to the good nature of my Readers, 2 


If they find half the Conveniences T here 


Point out to them; and I ſhall. be fell | 
more obliged to them, if for the ſake 
iy real Deſire of being ſerviceable, x. 
they will be ſo kind as to Vardon * 
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8 LL | Mater 5 is indued with a Pro- 
perty of giving Motion to other Bodies 
and receiving it from them. This Pro- 
anf is Se chat upon it al Haag 


of H IM who- { ee al Fi bags in 
Number, . eigbt, and Meaſure, it is 


made ſubject to Geometrical Reaſoning 
and Calculation ; the Application of 
which to the Conſideration of -Forees 
and Motion is the Buſineſs of the Sci- 
ence of Mechanics. Mechanics there- 
fore is the Science, by which we diſ— 
cover the different Manners in which 
Forces may be applied to Bodies, and the 
different Effects produced thereby in 


and Quantity: of Motion. EM Ny 


1. 


. 0 * chis e 9 of bit 5 


is s called the mixed Mathematics, requires 
e Axioms or gonoral Pr inciples 


found 


Ee 3 Ou 


ſome outward Cauſe diſturb them, is 
plain from Experience. A Stone lying 


1 9 be ſaid to move to the le 


; therefore,” neither. be Hensel, of 


ber, rg ro ad Tadubltable Experi- | 
_ ence, joined with ſtrict Geometrical Rea- 


ſoniog, whereon to found its Conclue 


. 4K 10 K. 1. „ ans 
EvxR x Part of Matter i in Motion, or 


ſions. 


a at Reſt, continues at Motion, or at Reſt, 


till ſome external Cauſe alter it. Eirſt, 
dies at Reſt continue at Reſt till 


upon the Ground will lie there continu- 
ally, without moving either ſide ways or 


upwards, till ſomething elſe ſtir it. 


This Obſer vation being found true of 
ſuch Bodies as come under our Notice, 


. "we infer the ſame of thoſe Bodies we 
can't come at. And this is confirmed 
alſo by Reaſoning. For a Stone upon 

the Ground, if it give Motion to it ſelf, 
muſt cauſe it ſelf to move in ſome given 
0 Direction. Say ien be to the right; but 


for as good - 4; Reaſon, it may as well 
J but it cant 
move both Ways at the ſame time, 


1 
91 L ; 


Bo- 


2 rhe Mechanical Powers. ones” 


jor or 1 


16 Force: with which N 
deſcend coward? the Earth, when pla- : 


RAY 


__ ced at Reſt in the Air, Ttake no Notice 
of; that being certainly occaſioned by 
an outward Force, tho the Cauſe be 


not e K's _ 23 our Senſes. 


Force of Gravity, A | 1 
Surfaces; and that theſe Cauſes BY E the 37 


more tl 


'T HE. ee Pate 5 e Axiom; 5 


ha! Bodies in Motion will continue 


in Motion till ſome outward Force alters 


their State, is not indeed plain from 
Experience as the former is; becauſe all 


Bodies here upon Earth put i into Motion 
will ſoon ceaſe to move, ſome for one 


Cauſe, and ſome for another, unleſs a 
new Force be impreſs'd on them. Bur 

to thoſe Experiments it is anfwer'd, that 
we can aſſign ſuch Cauſes, why thoſe 5 
Bodies ceaſe to move, as plainly Thew _ 


that this Axiom may nevertheleſs be 
true. And: theſe Cauſes are the Re- 
ſiſtance of the cireumambient Air, the 5 

2 i the Frits COTE Ep! 


true ones appears from hence, that the 
eſe are diminiſhed, the longer 


the Motion continues: In it is rea- N 
ſonably concluded, that if they could be 
: entirely removed, it would not ceaſe at 
all. This is made much more plain by 
5 Reaſoning, - For there can be no Reaſon 
given, why a Body in Motion ſhould 
ſtop of it ſelf at one Place or Inſtant, 
rather than another; any more than 
Why 2 Body at Reſt. ſhould: move of it 
ſelf at one Inſtant, or in one Direction, | 
rather en ne hm my "Oy as 


A be impelled along the Line ABCD; 
I fay, that all outward Reſiſtance being 
taken away, it will move for ever in that 
Line. For if you ſay it will ſtop any 
where, aſſign the Point where it will do 
ſo. Let us for Argumentation fake ſu .. 
1 poſe that Point to be C. But why A 
C, any more than at B or at D? The ä 
Cau of Reſiſtance from without are 7 
taken away, and what can operate upon 
apt » Body: to make: it ſtop» there, rather 
By — -- 8 


W FT E Pro . 


: == at B? Or what can hinder - it from 
going on farther to D? If yon conſider, 


you will find there can ba: no Reaſon | 
given for its ſtopping at C, rather than 


at B; for by our Hypotheſis, it meets 
with no more Hindrance to its Motion 
between B and C, than it does between 
A and B. Therefore if you ſay it ſtops 
at C, for the ſame Reaſon you may fay 


it will ſtop at B, but it can't ſtop at 


. both; therefore at neither. In the ſame 
manner, we have prov'd it will not ſtop 


at C, one may alſo prove it can't ſtop at 
I; and fo on ad oma 1 


HAVING. now ſbewn, char every 


Body or Part of Matter in Motion, or 
at Reſt, remains fo till ſome outward 
Force alters its State; the next Thing is 


to take notice what thoſe. Forces are, 


| which 1n Practice and Experience arg 


made uſe of to that purpoſe; and thoſe 


are, F. irſt The Colliſion of ſome Body 
that is in Motion with one that is at 
gReſt. Secondly, The Application of the 
N of oo 1 Creature to 


the 


= The Laws: 7 8 
FA r e 2 TOE — 4 p 2:5 r — ne * 


5 hve Body that is to be moved, or to 
N contiguous to 1 e e 


N ow in order to limit, ei 8h 
mine the Quantity of theſe Forces, that 

we may handle and conſider them mathe- 
matically, they are expreſs d either by 


the Velocity they produce in a Body im- 
pell'd by them, the Weight they are able 


to ſuſtain or move, or by both com- 


pounded together. The Velocity of a 


Body is meaſur' d by the Quantity of 


Fpace it goes over in a given time; if 
that Quantity of Space be great, the 
Velocity is ſaid to be great; if little, 


. _ "Ty is faid to be little,” 


Ir we then imagine hs fins Body 


to be at one time ſo impelPd as to move 
15 Foot in a Second of Time, and at ano. 
ther time ſo as to move 30 Foot in a Se. 
cond, we expreſs theſe two different For- 
Css by ſaying, that it was impell'd in the 


former Caſe by a Force that is as one, 


and in the latter Caſe by a Force that is 
as two. A Fores is alſo . by the 
i > op B +: _ Wan wo 
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— - 2 ze <2 20 > Pads” ; ifa Man pi 


— 2 dung with h his, Hands upon 5 
A che Weight barel ſußp pende : . 
=_ - 1 gw. thereto a Force of 20 Ml 


= 


| Force is allo: wagugd: i thet 
— | Rectangle, or Product 


. e er ns, 
— oo 


$ E £7 the Velocity, and the Weinhe of a mo- 
vi Body, which is called the Mon 


tum of that Body. If a Man t rows out 
ol his Hand a Stone of 2 Pounds Weight, 
with a Velocity of 20 Foot in a Second; 
RG of Ti ime, the Force, with which at its! 
0 Boine out of the Hand it zvwould ſtrike 
any Body in its Way, is called the Mos: 
ET mentum; Which we ſay, is as 2 K . 
ſame Man ſhoul after. throw” 5 
8 „ ee nk 3 Pounds, With a Velocity 
>: equal to 40 Foot in a Second, the Mo- 
mentum would be as 3.ĩ8 to 40; thalt 
3 is, 120. In theſe Caſes we ſhould ſay, 
The different. Forces. with Which thoſe 

Stones were thrown are as 40 to 120, 
that is, as 4 to 12; whi an the ame aa 
it 3 bee t ri e l. 206 85 
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5 ard. in a . ab chat is he = * ; 
tion of i it. Now the Effects of Forces 


* 


very different by their various 


| ; and therefore they requirea 


ar Conſideration; the whole Doo. 
of Projectiles, which comprehendss 
Art of Gunnery, and the Knowledge 
of a good Part of the Phyſical 8 1 
my, depending upon the Inveſtigation of 
which Bodies will deſcribe in 


2 


- . 


o 


>onſequence of Forces apply d in given 
ess #3 oe BY oe, © ll 


£ 


1 ſhewed above, that if a Body. were 
impelld by a ſingle Force, and no Reſi- 
ſtance were made to it, it would move for 
ever in the right Line prolong dd, in which 
„ the enter of it at firſt mov'd. That 


* - 
. : : „ i) td — o : : # 1 
' „% RD os 0 2 ©. 8 wy 3 ; Ay 


ray A 


+ 


| Line is called the Line of Direction of its 
5 Motion, and is always given by Poſition, 
1 when we would argue wann, Pro- 


W p \ 


— 


n "of the 2 Powere.. | = 5 


ates ep hh. AER * — 


5 hs relating t to it ; that ! is, its Situa- 
tion with reſpe& to ſome. given | Place 
muſt always be determin'd, A Body 
may be, indeed, impell d by more For- 
cCe—ses than one, and in different Directions 


at the ſame time, the Conſequences of 


: = which. it is the Buſineſs of this Science to 
determine, as we ſhall hereafter take 


notice. But for the preſent we ſhall | 
only obſerve, that as the Velocity with 


which a Body moves is capable of infi- 


nite Variety; fo likewiſe is the Line of 


Direction. A Body may be ſuppoſed to 
move 10, 1co0, 1000 Foot in a Second 


of Time, or if you pleaſe as many Miles; 


ſo the Line of Direction of its Motion 
may be as various as the Inclinations of 


Lines to each other are. As the one is 


capable, by the Addition of a new Im- 


pulſe, to be alter'd as to Quantity; ſo 
is Habs other equally liable by the ſame . 
Means to be alter'd as to its Poſition. 


Tf; a 5 A be b TE the Line 5 


5 
p | 
4 F « 
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» * 1 1 5 
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. 


ut fi 0 i Time, it | 
may, e a new F apply'd to it in th 

ſame Direction, receive a Velocity 
to carry it as far as from 
ae time. And in the 1 


e manner it 


a} 


may by a Force apply'd in a different Dia 
rection, as for Example, along the Line 
E F, receive an Alteration not only as to 

Velocity, but as to its Direction alſo; fo 
as to make it move in a different Line 


m that along which it was at firſt im- 
pell'd. That we may, therefore, argue 
upon ſolid Grounds concerning theſe 

utations, I ſhall Proc to the ſe · 


cond Axiom. e hs 1 
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1 TI H E 3 or Dpefesdd of Mo. 
=. tion, produced in a Body by a new 
Poorce apply'd to it, is as to Quantity 
pProportionable to the Quantity of this 
E _ new Force; and the Change of the Mo- 
tionas to Direction i is made towards the 
Direddion of this new Force. 


2 E LS A 


o 


I Sax the Increaſe or Decreaſe of 
Motion, for a new Force apply'd to a 
Body in Motion may leſſen or ſtop its 
Motion inſtead of encreaſing it. Suppoſe : 

2 Body. be moving along the Line AB G 
D, with any given Velocity from A'toD; | 
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Ee contrary, and equal Force ſhould 
maeet it in any Point, as „ whoſe Line. 
= of Direction 1 is from. D to A, inſtead, of 
2 Increaſing 3 its Velocity, it would entirely, 
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ſtop its Motion. As is very plain, for, 
the Body can only move either, from 3 
towards D, or elſe from D towards — 


n at 2 = * 
dhe 8 RY * 83 1922 7 Py * 2 1 LM * 
I Fe Le A TUE 
1 ad > . . 15 Ir N 
2 Ws A Tr Y OE 
” 1 3 . 3s ! + * 
* 1 W | P Fry 
: SN * 1 * 8 * . 
. * 5 * ; * 
7 8 1 5 
bs % 5 1 * We . 722 
N . t ge — AC 1 een eee : * * ns a rn 21 4 * > > 8 1 3 8 
i * 8 Pre * 7 2 2 ” 02 | 4 & 1 2 EZ. 
T | „ %. g 
, : * ' 
= 7 „ os +- 4 * 
8 * 1 * a 1 1 "RSS ; * 
4 4 k , F p 5 
4 AV C)--. T1 5 N T2: 3+; | 
pe , : , 
4 F * WNT A CEO Abt * 3-40 p N 
—— — . "IE She, E ee eee 3 — r 8 : 1 k 


* Er 7.3 


for there Fr 110 other Force im ela . 
on it, it can move no other Wa c 
it can't move towards Ap, - becauſe, the 
Force directed from A to D hinders it; 
nor from A towards D, becauſe the op- 
boſite and equal Foce reſiſts it; there- 
fore it won't move at all. + Ahd. if we 
fhould ſuppoſe this new and 1 9 
Force to be but” half, or one third 
ſo great as the former, it i is eaſy to con- 
ceive it will diminiſh its Motion or Ve- : 
2 tho' it will not entirely Kbp: it. 
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tion is always proportionable” to the 4 


Force that bc i; ſo that if the 
new Force confpire & ith the mer, hav: 
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1 ing the ſame Direction, i it will add to the. ol 


if. it be*contrary, i it-will'dimi” ; 3 
niſſi it. As if in the fame Figufę a „„ 


ity along 


be moving with 4 given * elocity al is 1 
tlie Line A BCP, ifa new Fotee be ap 
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0 10 A Velocity will Hh be 


£20 the former, as 1 to 1 ＋ 2, that is, as 1 


to 3 ; there being a Velocity, Which is ag 
2, added to the Tones which | is as one. 


1 1 75 this new Force, hich i is a8 1 
2, were to move in a contrary Direction | 
to that in which theBody 1 is moving with 
a Velocity that is as one, it would then 
add to it a negative Velocity as I may 
call it = 2; that is, it would repel 
it with a Force ,=:2. Its former 
Velocity would then be to its latter 
"| as I to 1 — 2, that is, as E to — 13 that 
is, it would move back from C to A with 
' £ Velocity equal to that with which it 
mov d before from A to C. The Rule 
then to know the Velocity with. which a 
Body 1 moves. after a new Force is applyd 
to it, is to add the Values of the two For- 
ces together z making the new Force af- 


firmative if it have the ſame Direction as, | 


the former, and negative if the REIT : 


'B v 1 we have Miche ah pre 00 68 ed- 1 
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orce is directed along the 
the: my Was; ene this is very 
Caſe. For it 
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Here . Body, having mov'd along the 
Line A CDas nk as the Point "pa is there 


=D 

. — will be of this new 
Force. And this Enquiry is anſwered 
by the ſecond Part of this Axiom, to 
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Line EE. I ſay towards; the Line 
it can't move along it, bei 


. Alteratioi 


— — 


n 
vil 


cannot move eng A D ko Reaſon of | 


will move in ſome new 


the Force E F, nor along E F by Rea- 
ſon of the Force AD; it follows, that ĩt 


ine between 
them as Y Z; and by the firſt Part of 
5 this ſecond Axiom, by how much this 


new Force is greater or leſs than the 


former, by ſo much this new Line Y 
Will be nearer to or farther 


E OS; 
132 


11 


nportant "Propoſition, | wh, 
2019p 


N 1 25 8 o \ 'S , * * wth F 1 

1 MN £N — ooo 4 © * * 11 5 wy > y * — we by 1 E 1 a 927 7 a * 

: p en . 14 3 25 | — 1 J 
# A hget % Þ <= 4 1 48 *. * I ” Tr 6 75 : 


. 8 5 8 » 
. os T +* s "Ss Þ F, 
Co 4 » 1 . 
8 * +: * * . — 1 * W . 1 # 3 "% 
'C3F 4 . a Fa & ©'F 11 al 6 > Wd. 5110 
23 K „ „ 3 # 24 * x > OS... _— ## + 2 


£ 
1 : N 4 
&- F Ef : 4 
* 
: * 
$ 
; 
p : Y 4 
S 
\ 
* * 
\ L 
* 
5 
8 
* * Py 
F > 
* 8 \ 
— 
* * 
8 
8 458 
: 
%*- 
"I 
, oY 4 
i 
£ 


Py 
* 
» 
— 
3 
x 
* 
f 
A 
. 
* 
— 
* 
5 
41 * 
+» 
A 
— 
- 
4 
1 
. 
* 
* 
— 


f \ 
J 
- 
J's 
«> 


P — 


"The Laws of MoTion 17 


_ "_ 1 ö 
e 9 * : 
4 4 * 9 
there be drawn as in the Figure 
N $ f - — 
1 * 
J 4 8 * * 
* 5 : : 
x 
— 4 5 2 
5 . _ 1 
. 1 
5 
.* 
2. 
a „ 
WA 4, 
*% ; R 
* is : *, © * 
*, 4 * 
$18 
A = 8 
4 « 
F "© 
5 5 - Ah * 
3 . 
þ 5 
Wa 
*. 
5 9 
0 * 
K AC - : 
/ * | 4 12 
9. : 
* * 
: - 
N | . 
{ 
C #: - 
g 4. 2 
He 
- 7 5 5 5 - 
* * * Pp 7 +; 
2 p a 
* * 
A 1 5 5 f 5 
* A 
; 5 25 ” Y 
4 N . 5 
4 


* 


the Line AC D, along which the Body 
A is impelld by a Force directed from A 


to D. Let it be impell'd in the Point C 
by a new Force, whoſe Line of Direc» 
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tion is E F. Let there be 7 thro? 
the Point D the Line GH mnclming to- 
wards the Line E E, and meeting it in 
H; the Line I K thro? the ſame Point 
parallel to the fame Line EF; and the 
Line L M thro? the ſame Point declining 
From the Line E F. It is plain, that if 
this new Force EF were not applied, 
the Body A impell'd by the Force AD 
alone, would paſs thro' theſe three 
Lines at the fame Inſtant, that is, at 
their common Section the Point D. Bur 
when by the Application of this new 
Force it is obliged to alter its Path or 
Direction, and to move in the Line YZ 
as it was juſt now prov'd it would do; 
it is plain, that it will interſect theſe 
three Lines ſucceſſively, as at the Points 
a, b, c, at different Inſtants of Time. 
Now I fay, that in this Caſe it will 
touch the Line GH in the Point a, 
in leſs Time than it would have touch'd 
it in the Point D, if it had been impell'd 
only by the ſingle Force A D. As is ve- 
ry plain 5 for here are two Forces conſpi- 


ring together in impelling i it towards that 
ab 8 
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15 Line, one towards the Point D, and the 
other towards H, which muſt neceſſarily 8 | 7 
impart a greater Degree of Vedeeien Ys 9 
than either of them ſingle. On the o- _ 
ther Hand it will be longer before it 
reaches the Point c in the Line LM, 1 
than in moving to D in the former Caſe. 1 1 
For the Force EF, as one may ſee only =. 
by Inſpection of the Scheme doth now _ 
continually tend to draw it from the Line 2. 
LM, and for that Reaſon muſt undoub. 
tedly retard its Motion towards it. Since 
then the Body will arrive ſooner at the 
Lines inclining towards E F as G H, and 
later at thoſe declining from it as L M; 
it follows that it will meet a Line in the 
intermediate Poſition, as I K which is 
parallel thereto, exactly at the fame time 
in b, that it would have met the ſame 
Ts in the Point D, had it been impell'd 
only by the ſingle Force AD. For ſince 
on the one Side of I K, the Time is leſs, 
and on the other Side more, it follows, 
that in IK it ſelf, the Times muſt be e- 
qual; that is, the Body A ſo impell d by 
much Force, will be found in a Line 
C2 53 pary 
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parallel to the Dire&ion of thier Force, 


in the ſame Time (tho? not in the ſame E- 


Point) as it would have been, if that 


Force had not been apply'd. I ſhall 
ſhew the Uſe of this in the Demonſtra- 


tion of the following Propoſition. 


1 F two Forces in different Directions 
be apply'd to a Body, it will deſcribe the 
Diagonal of a Parallelogram, along 


whoſe Sides thoſe two Forces are direct- 


ed, and in the ſame given time in which 


the Body would e * of thoſe 


Sides. 


LE I then a Force be apply'd in the 
* e 
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Point A to a Body in that Point; and 
5 let that Force be of ſuch a Quantity as 
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to We able to impel i it as fi as B in a giv- 
en Time. Let at the ſame Inſtant another 
Force be apply'd along A C ſufficient to 
carry the Body to C in the ſame given 
Time. Compleat the Parallelogram by 
drawing BD and C D. I fay, that the 
Body will move along the Diagonal AD 
of this Parallelogram, in the ſame Time 
in which it would have mov'd along ei- 
ther of the two Sides, AB or A C, by 
the Means of either of thoſe Forces ſin- 
gle. For the Force A C being parallel 
to the Line B D, we have juſt now 
prov'd, that it will neither accelerate 
nor retard the Motion of the Body to 
the Line BD, ſo that it will be found 
in the Line B D in the fame Time exact- 
ly, that it would have been if that Force 
AC were not applied to it. And ſo in 
like Manner the Force A B being paral- 
lel to CD, will not at all hinder, but 
that the Body A impell'd by the Force 
AC wil arrive at CD, exactly in the 
ſame Time as it would have done, if that 
Force AB had not been apply'd at all. 
It will therefore be found ſomewhere 1g 
C3 e "8 
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: the Line $4 D, at the ſame aden of 


Time, that it ail be.in B D; therefore 
it will be in the Point D, their common 
Interſection. In this manner the two 


Forces A B impelling the Body towards 
B, and A C impelling it towards C, will 


be compounded into a ſingle one impel- 
ling it from A to D. But a Body im- 
pelPd by a ſingle Force will proceed in 
a right Line; therefore along A D the 


Diagonal of the Parallelogram A B CD. 


I have been the longer upon this Pro- 
poſition, and ſpent the more Time and 


Words, in explaining and making ealy 
the Demons of it, becauſe of its 
abundant and univerſal Uſe, which ex- 
tends it ſelf to the Solution of almoſt e- 
very Problem, and the Diſcovery of al- 


moſt every Truth, which relates to the 


Motion of Bodies impell'd by eutward 
Forces, in what manner ſoever apply'd. 


The N Doctrine of Projectiles, 
Which comprehends the Art of Gun- 


nery, 1s built upon this Prop. for by the 
Application TR it 1s demonſtrated, 
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F all Bodies projected by any Force 

with a Rectilinear Direction, near the Sur- 

face of the Earth, will by the Power of 

Gravity continually acting upon them, 

be obliged to defle& from that Directi- 

on, and move in the Curve of a Para- 
bola. 8 


By the help of this Prop. alſo, Sir 
T/aac Newton in his Principia, has de- 
monſtrated the true Syſtem of the 
World, made manifeſt the Laws by 

which the heavenly Motions are direct. 
ed and regulated, and the Effects and In- 
fluence the Celeſtial Bodies have upon 
each other; and by this Means has 
cle ſeveral Difficulties, and made 
Diſcoveries relating to them, that were 
thought inacceſſible before. It is alſo 
uſeful to give an Idea of the Generation 
of Curve Lines, which it does eaſily 
and naturally, and by that Means dne 
to clear the Way to the underſtanding 
the Nature of Fluxions. And laſtly, it 
is ſerviceable in demonſtrating the Na- 
ture and Properties of the Mechanical 

hy ol Fowe 
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e with great Brevity and Facility. 
At preſent we ſhall deduce ſome Conclu- 
ſions from thence, PRE to the pre- 


_ Sub and 


1. Fx O M hence we may deduce the 
Compoſition of two given Forces into 
one, as alſo the Reſolution of any one 
fingle Force into an infinite Number of 
compound ones. By the firſt we are 
able to find out the Change as to Veloci- 
ty and Direction which is made in a Bo- 
dy by a new Force impreſs'd thereon, 
and to aſſign the Degree of Velocity, 
which is added to, or taken away from 
a Body in Motion by a Py oblique 
Force. ED 
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Ix a Body be moving along A B with 
à Velocity able to carry it from A to B 
in a Minute of Time, and one would 
know how much additional Velocity it 
would receive by an oblique Force A C 
able to Carry, itfrom A to C in the fame 
time; *tis plain, that it is only neceſſary 
to compleat the Parallelogram, and to 
draw the Diagonal AD; and the Exceſs 
of the Diagonal above the Side AB is 
the additional Velocity ſought, So as 
gain; if one ſhould ſuppoſe the Force 
AE applied inſtead of A C, tis plain, 
that this Force has a DiroRion contrary 
70 that of the Force AB, and therefore 
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will take from its Velocity inſtead of at: 
ding to it; in this Caſe we muſt pro- 
ceed as before, and drawing the Diago- 
nal AF, the Exceſs of the Side A B a- 
bove the Diagonal , will give the 
Quantity of Velocity loſt by Means of 
| this new Foroe. 


2. By chis Prop. we are able Re reſolve 
a fingle Force into two, and thereby to 
know the Effect it will have when appli- 


6d. 1 in a Sn Manner, Suppoſe. the 
1 3 
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5 Line A C B to have one Point of ir at 
C fix'd, like the Center of a Circle; and 
the other Parts to be capable of turning 
round that fix'd Point, like the Radius 
round the Center, by a Force applied to 
it in any Point as A or B, either puſhing 
forwards, or Hg” backwards Now 
| it 
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it is en chat if this Force be applied 
exactly along the Line A C B, it will 
have no Effect at all in making the Line 
revolve about its Center, whether the 
Force puſh forwards towards C, or pull 
backwards towards D. But on chic con- 
trary if we ſuppoſe this Force apply'd 
at right Angles to A C B, or along AE, 
whether puſhing upwards towards A, 
or downwards towards E, it is plain, 
that it will have a very great Effect, 
as being directly contrary to the Poſi- 
tion of the Line A CB, and therefore 
capable of making a very great Al- 
teration in its Situation. Now ſince 
this Force may be apply'd in all manner 


1 Directions between that of AE and 


that of A D, ſome of which Applicati- 
ens will hive more Effect than others: 
We make uſe of this Prop. not only 
to know which is the moſt effectual of 
all, but the exact Quantity and Fropor- 
tion of the Effect of each of W vari- & 
ous ee 
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We have ſhewn 3 that a Force 
IS s valued and expreſs'd by the Velocity 
it produces in a given Time ; and that 
Velocity by a given Line deſcrib'd 
with that Velocity in that given Time ; 
One may therefore make uſe of a Line 
to expreſs a given Force, in Proportion 
to the Length of which Line the Force 
may be valu'd. If we ſhould ſuppoſe 
then the Line A E to expreſs the Quanti- 
ty of a given Force; I fay, that Force 
apply d at right Angles will have an Ef. 
fect equal to a greater Force apply d o- 
bliquely. For by the laſt Prop. if we 
draw the Line E F perpendicular to AE 
and j join A F, we ſhall reſolve the Force 
A E into two, EF and AF, which 
two will by the ſame Prop. have the 
ſame Effect as the other ſingle one, 
| Now the Force E F being parallel with 
the Line AC, can have no Effect at all, 
as was juſt now ſhewn; therefore the 
Effect of A F alone is juſt equal to the 
Effect of A E. But the Line A F lying o- 
Vee againſt rhe Re Angle is longer 
than 
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than AE, and therefore the Force, 
which 1s proportionable to it muſt be 
greater; therefore a Force apply'd at 
right Angles will have an Effect equal to 
that of a greater Force apply'd oblique- 


ly. By the fame Method one may eſti- 


mate the Quantity of Force that is loſt 
by an oblique Application. For ſup- 
poſe in the ſame Fig. the Force AF is 
apply'd, it is plain by what is juſt faid, 
that ſome of that Force is loſt; eee if 
it had been applied at right Angles it 
would have had a greater Effect. In 
order therefore to know the exact Quan- 
tity, reſolve this Force into two AE 
and E F, and the Quantity of Force 


that is uſeleſs by the oblique Applicati- 


on of it, will be to the whole, as E 
to AF. 8 
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Thave 1 conſider d the Effects 
of Forces {imple or compound upon a 
Body, as to the various Quantities of 
Velocity they will impreſs upon it, and 
the various Lines of Direction in which 


they will cauſe i it to move, according to 
the | 
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the infinite Variations of Quantity and 


receiving. 


are produced in the ſame or equal Bodies, 
ſuppoſing the ſame Force to receive no 
Alteration as to its Effect from the Bo- 
dy it is apply'd to. But in conſidering 
the Effect of Forces upon Bodies there 
is another Thing to be reſpected, and 
that is the Quantity of Matter contain'd 
in the Body. As we have then hitherto 


— 


upon Bodies, where the Bodies have re- 
main'd the ſame, and the Forces have 


Caſes where neither of them is the ſame. 


' No w the Difference of the Effects 
of Forces proceeding from the different 
Circumſtances of the Bodies takes its 


Direction, which Forces are capable of 


s Bur in this we have gone all along 
upon the Suppoſition, that theſe Effects 


been diſcovering the Eſſects of Forces 


differ d; ſo we ſhall now conſider thoſe 
Effects where the Bodies are the fame, and 

the Forces remain unalter'd, in order to 
lay the Foundation of our Reaſoning in 


Riſe from the different Quantity of Mat- 
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ter at 0 in each. It will be there- 


fore proper to ſpend a few Words in ex- 
plaining what is meant by that Expreſfi- 
went The Quantity of Matter. 


Eivanz ſolid Body may be divided i in- 
to a given N umber of equal Parts, which 


Number is proportionable to what the 


Mathematicians call the ſolid Content of 
a Body of that Figure. If we ſuppoſe 


a ſolid Cube, whoſe Side is 8 Inches, it 
is plain, that Cube may be divided into 
many equal and leſſer Cubes of 1 Inch, 
by multiplying according to the Rules 
of Geometry, that Side into it ſelf firſt, 
and afterwards into the Product of that 
firſt Multiplication. This gives 512, 
which is the Number of ſuch little 


Cubes whoſe Side is one Inch, as taken 
together compound the great Cube whoſe 
Side is 8 Inches, as is eaſily known by Ge- 


ometry. But by the Rules of Geome- 


try we alſo learn, that a Cone, a Pyra- 


mid, a Cylinder, a Sphere, or a Body of 
any irregular Figure may be aligned, 
1 1, © 
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| - that ſhall have the Gene ſolid Cott a 


this Cubeabove-mention'd, that is, whoſe 
ſolid Parts taken together, will be equal to 
512 of thoſe little Cubes. We ſhould 
fay then, that ſuch a ſolid Sphere or o- 
ther Body will contain in it ſelf an equal 
Number of ſolid Parts with that Cube; 
or in the Expreſſion we are here explain- 
ing that it contains the ſame Quantity of 
Matter. By the ſame Method one may 
divide that Cube into an immenſe Num- 
ber of {ſmall ones, whole Sides ſhall not 
contain above 2 Part of an Inch; an 

equal Number of which ſmall Cubes 
ſhall alſo be exactly contain'd in a ſolid 
Sphere of equal Content with the Cube. - 
We may alſo imagine two ſolid Cubes, 
one which ſhall have twice the ſolid 
Content of the other, in which Caſe it 
will have twice the Number of equal 
ſolid Parts, that is twice the Quantity of 
Matter. The ſame may be alſo * 

ſed of two Spheres or of any other Bo— 
dies, concerning which we ſhould ſay, 
that the greater Sphere has twice the 
Quantity of Matter in it that the leſſer 


— Ir 


pelrd . 4 B and A B by two e: 
qual Forces, and that the Sphere C hath 

but half the Quantity of Mättet in it 
that the Sphere D hath, it is, I think; 
eaſy to diſcover, that the” deer wi 
move with twice the Velocity of the 
"—_ f FF 5 


£ WH 


For if we ſhbuld iuppoſt tiiem both 
divided into a Number of equal ſolid 
Parts, it is plain from what was ſhewn 
juſt now, that the Sphere D will contain 
twice the Number of thoſe equal Parts 
that the Sphere C does. Let us ſup- 
- poſe. the Sphere D to contain Ioog 
of thoſe equal Parts, and the Sphere 
Foo. The Force therefore which 


| impels D will be divided equally intg . 
- 18000 


1000 > Parts ms oy Force which wart 
into 500. T heſe Forces being at firft fap- 
_ poſed penis it is evident, that one of thoſe 
equal Parts into which the Force at C is 
divided, is twice as great as one of thoſe 
equal parts into which the Force at D is 
divided. For if we ſuppoſe two equal 
Lines to be divided one into 1000 equal 
Farts, and the other into 500, without 
doubt the ooth Part of one equal Line 
duill be twice as great as the one roοοn = 
Fart: ok the other equal: Line. T here- 
fore each of the-toob Barts of the Sphere 
D, will receive a Force but half fo great 
as each of the 500 Parts of the Sphere C. 
If therefore every Part of the Sphere D 


receive but halt the Force, every Part 


krhereof will for that Reaſon move but 
Wich balf the Velocity that. every Part 
df the other does; but the Velocity of 
the whole Sphere, f is the ſame with the 
| Velvcity;of its Parts, therefore the whole 
Sphere D will move but with half 
the Velocity that the wliole Sphere & 
does: Which was the thing to- be prov d. 


Aiailfinges-thers: can be no Fretence of 


| Reaſon ;for toubrliny of imagining taz it 
will prove other wiſe in any like Cul 
we draw this e U rn ' 


Ta E Velocitich with which dncqual 
| Bodies move after being impelPd by e- 
qual Forces are reciprocally as the Quan- 
tities of Matter in each Body. The 
Meaning of which is, the greater the 
Quantity of Matter is, the leſs Wal "= 
© Velocity be in each; | 


Bur tho” the Velocities with Tei 
unequal Bodies impell'd by equal Forces 
are unequal, the Quantit ties of Motion 
are equal however. The Quantity of 
Motion is the faine that I call'd before 
the Momentum, and is compounded 8 
the Velocity with which the Body 
moves, and its Weight, which is always. 
| proportionable to the Quantity of 
Matter; and it is eſtimated by the Force 
PThich it is able to communicate to any 
Body that it meets with in its Way. 
Therefore unequal Bodies impeld by e- 
qual F orces, tho? indeed they will de | 
2 2 7 4 move 
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move with equal Velocities, will yer l 
communicate the ſame Force to any Bo- 
dy, that either of them ſhall happen to 
meet 215. That! is if a Ne ch A, e 
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\/ 
Quantity of Matter is as one, ſhall be © 
impell'd oe one Line A B, and a Bo. 
dy C, whoſe Quantity of Matter is as 
4 be impelb'd along C D, the Velocitics 
with which they will move, will by the 
former Propoſition . be. unequal; that is, 
the Velocity of the great one will be ſo 
much leſs than that of the leſſer, by how 
much the Quantity of Matter therein ex- 
ceeds the Quantity of Matter, or the 
Weight (which is the ſame chin g) of 
5 the dere But its e of Matter 
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4 flines greater, therefore i its Velocity 70 
vi be 4 times leſs, | | 


Fer 1 foy, that if theſe. two Bodies ” 

ſhould meet in the Points E and F, two 
new Bodies E and F at Reſt in thoſe 
Points, they will impreſs two equal Forces 


_ upon thoſe Bodies, notwithſtanding the 


great Difference there is of the 8 
on one Hand, and of the Velocity 
the other. The Reaſon is, that eſe 
two Differences being proportionable, 
compenſate each other, that is, the Want 
ol Velocity is compenſated by the Exceſs | 
of the Weight in the greater Body, and 
the Want of Weight in the leſſer is com- 
penſated by the Exceſs of the Velocity. 
I To ſhew this, ler us ſuppoſe the largeſt 
Body C to be divided into 4 equal Parts, 
then oh of theſe 4 equal Parts will bee» 
qual to the leſſer Body A. Each of theſe 
4 equal Parts will then move by eur 
Hypotheſis with a fourth Part of the 
Velocity of the Body A, and fince- each 
ot them i i equal to it as to Quantity of 
; "Ws > IMs 
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Matter, e will Hine. N hs ow 


80 | Effect upon the Body F, as the 8 phere, A 


£ would have upon the Body E, bf mov- 
ing with a. Quarter of its Velocity: But 
the Sphere A has 4 times the Bffect it 
would have, if it moved only with a 
Quarter of its Velocity, therefore it has 
four times the Effect upon the Body E, 
that one equal Part of he e C has 
upon the Body Pio bis 3 


| Bur 3 A fourth Part of the Body c. 
have a fourth Part of the Effect of 7 he 
Body A, it follows, that the entire Bo- 

dy c will have the fame Effect as the 
Body A exactly; that is, it will i im- 
preſs the ſame or an equal Force -upon 
he Body F, as the Body A will do upon 
the Body E. Therefore if the Bodies 
R andi F be equal, they will move after 
the Impulſe with equal Velocities; 30 
(4 therwiſe their Velocities will be in a re- 

ciprocal Proportion to the h of 

M tter or the „ of each, 
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zuiry has ang to the Bib of 
” * 1 important Truths. 

1. Tur the Velöcities which two e- 
qual Forces impreſs upon two unequal 
Bodies, are reciprocally as the * CURRIE: 
of Matter i in each. | 


3. Tur npew ü N the Forces 
ſo impreſsd upon the Bodies cauſe ſuch 
different Velocities, yet the Forces 
which thoſe Bodies are capable of come. 
municating to another by impelling it it, 
are equal; the Meaning af which is, 
that if we ſuppoſe 40 Bodies never ſ 
unequal as to the Quantity of Matter 
in them, yet if the Velocities with 
| which they move be reciprocally pro- 

portional thereto, the Quantity of Mo- 
tion in both will be equal; that ĩs, they 

will impel an y Bodies which they meet 
with in their Cour W . qual 
POS; 773) 
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As for Example, if we imagine one 
Body A to be as one, and another Body 
Cas 100, and to move with Velocities 
that are in the great Body as one, and 
in the leſſer Body as 100, they will im- 

pel any Bodies as E and F which they 
meet with in their Courſe with equal 
Forces. And for the ſame Reaſpn if in- 
ſtead of moving along two ſeparate 

ines, they ſhould move along the ſame 
2 as G 7, with cantrary 5 
| | : v ey 
8 \ 


be 


they will impel each other with the fame 


equal Forces; and therefore ſince they urge 
ogg another with equal and oppoſite Fo- 
ces they muſt both ſtop, as was ſhewn oc- 

caſionally before. And in the ſame Man- 
ner if they ſhould impel the two Arms 
of a Ballance at each End, they would 
impel thoſe two Arms wah equal For- 
ces, and therefore if the Ballance was in 
Equilibrio before, it will remain in 


the ſame Condition after the Impulſe. 


Thus you ſeg that any two Motions 


Will be equal between themſelves in 
which the Velocity of each Body multi- 


plied i into the Quantity of Matter or the 
Weight (which 1 is the ſame Thing) pro. 


duce two equal ReQangles or Products; 
and if 2 oppoſite Directions will 
| exatly co 7 and hogs each other. 


AND 3 the fame Reaſon if in any 


two oppoſite Motions, theſe Rectangles ; 
are unequal, the Body on whoſe Side the 


_ greateſt Rectangle is form d, will pre- 
Ahe over he ers and impel i it along 
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* 11 A Vand's 8 be en AC -B 5 


2 8 8 Directions, and meet in 


the Wei ght of A be as one, and 


8 ; Velocity as 88 z and the Weight of 
B as two, and its. Velocity as one. Multi- 


ply the: twoNumbers anſwering to the Ve- 


locity and Weight of each Body into each 


other, and in the Body A this Product 


will be three, and in B only two. 
Therefore the Body A will prevail over 
A and there being A Force equal to. 2 


loft on the Side of A, it will ſend B back ; 


again with a Force equal to one. 


H E N ce i appears, aaa the ſalleſ 
Body in Motion is capable of moving 
the largeſt at Reſt. To make this Truth / 
evident, which may ſeem ſurprizing at 
flit, let us imagine a Body equal to one 
Pound TOY moving with a Velocity 

of 
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— Laws ef Mo TM i 6 
py * Foot in EN gecond of Time; Or. 
which; is the fame Thing, ſuppoſe a Man 
with his Arm to apply a Force equal to 
it; Iſay that this ſmall. Force would be 
able to remove, for Example, a Stone 
of 15900 Tun Weight that is entirely a 
i Reſt, and not only to remove it, but to 
Impreſs a Farce upon it, that ſhall,cauſe 
it to move as long and AS far as ihe Chal 
think fit, 200 or 1900 Yards, ſuppoſing 
all outward Reſiſtance to its Nation ta- 
ken. aß. 


Box if we multiply on Ss side af | 
the ſmall Body its Weight one, into g its 
Velocity, it produces 3; but if we do 

: the fame on the other Side, the Velocity 
in that being equal to noching, a Body 
at Reſt having no Velocity, it follows 
that if the other Number regreſenting 
the Weight be never ſo large, it being 
multiplied by o will produce no more 
than o. Therefore the Rectangle on. the 

8 Side of the greater Body being o, and c on 

the Side of the leſſer 3, it follows that 
the le ad wil mne — greater, and 
7 cauſe 
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9 as it to move with a velocity rect 
procally proportional to the Weight. 
And this Force being once impreſs'd will 
by the firſt Axiom continue the Motion 
as far as one pleaſes, if all outward Im- 
un are remov. d. N 


B UT this Myſtery will eafly be un- 
"folded if we conſider that the Velocity 
of this Motion is reciprocally pro- 
portional to the Weight. Now the 
Weight being ſo large, the Velocity with 
which this great Body moves, muſt be 
exceeding ſmall; for a Stone of -1000 
Tun Weight contains above two Mil- 
lions of times the Weight of a Body ef 
one Pound, and therefore muſt move a- 
bove two Millions of times flower, 
- which as one may find by an eaſy Com- 
putation, will not be above the rate of 
one Inch in 24 Hours. And in Practice 
that little Velocity will always be re- 


ſiſted and taken away by the Friction of 


Surfaces which was before taken notice 
of. So that tho? there be nothing more 


; certain than this Truth, it is not eaſy te 
prove 


prove it * Pk, 7 ants of ac: acs: 
cidental Hindrances. However to remove 
them as much as poſſible, there have been 
invented ſeveral practical Helps of dif- 
ferent Kinds; ſome intended to avoid 
this Friction which is ſo great an Hin- 
drance; others to collect and apply Force 
in a more convenient Manner than can 
be done without them, and theſe are e cal. 
led * en 
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HE Mectanicat wen are com- 
I monly reckoned ſeven; the Ballance, 
< Lever,the Pully,the Wheel, the Wedge, 
and the Screw; to which ſome add the ineli- 
ned Plane; but indeed the four firſt, and 
the thres, tſt, depend ſo evidently _ 


8 "= f — n = \ 


wareant 2 5 reduding of thoſe Sar 6e 


| capible' of peing companded rogerer 
upon ſeve 


| ſed, I believe, to have the Nature an 


2 | Df the Techuninal S | 


B 


as miglüt very wth 


two.” However Cuſtom Having order d 
orfierwiſt} and the Matter being of ns 
great Conteguenee, we may as Well fl. 


low the old Reckoning. 'Thele are all 


with' 


great Advantage and EAR 
Al Odeaſtons: rs 1 


7 2 + * 4 - 5 1 4 
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 Turtrt are MAI Rai Pow: 


ers beſides theſe; as the Sail of a Ship; 


and. of a Windmill ; the Spring, upon 
which the Force of a Bow in ſhooting 


an Arrow depends; the Battering Ram 


of the Ancients, the Hammer, and ſeve- 
ral others; But theſe ſeven above-men- 


| tioned being of inore general Uſe, and 
admitting of greater Variety of Propo- 


ſitions relating to them, are moſt general - 5 


iy known by that Name, and conſidet d 


by Mathematicians. Only the Sail Be- 


I ing become of ſuch uit and i impor- 


tant Uſe, the Reader will not be diſplea- 


Pros 


9 


of it distinctly 'explained'; 


4 


which he will accordingly find done i in 
e.Platio, e A ar Ars 


its pr 


in order to bay te y upon 
ir, we _ 5 ſomewhat nicely inte 
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f dsf AC and CB: revolving round 
that Genter, like Radii of a Circle, the 
oints A and B will deſcribe 8 f 
Circles round that Point C, which. ſhall 
be to each other as thoſe Lines. The 
Velocity alſo with which each Point of 
| thoſe Lines moves, will be as the Arch 
that eich Point deſcribes. For the Ve- 


locity i: is proportionable to the Space gone 
cover; that is, to the Arch deſcribed.” 
Now the Velocities being to cacti other 
as the Arches, and the Arches as the Cir- 
eumferepces, and the Circumferences as 
the Radii; it follows that the Velocities 
are as the Radii; ; that is, by how much 
the Line AC is longer than the Line 
CB, by ſo much the Velocity of the 


Point A is greater than that of the Point 


B; and tis evident that this will be the 


Caſe of all the other Points in either of 
_ thoſe Lines, that by how much their Di 


tance 1s greater from the Point C, with 
ſo much the more Velocity will they 
move. And if any one ſhould ſhots 
à Force of any Kind acting either at A 

bot By tis Plein, that let it make cel | 


Points 1 5 
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RING move with what Velocity ſoever 
the Velocities of the other Points will 
ſtill be in the ſame Proportion; and that 

the Line A C B being imagin'd as perfect 
1y inflexible, a Force apply d to any one 
Point will be communicated to all the o- 
thers on both Sides the Point C, in ſuch 
fort as to make them move with Veloci: . 
ties proportionable to their Diſtances 
from the fix'd Point C. And this circular 
Motion once begun, will continue for e- 
ver by means of this Force, unleſs ſome 
new outward Force ſtops it, as was 
ſhewn of a Rectilinear Motion before. 
And as a Rectilinear Motion may be en- 
ereaſed by a Force conſpiring with its 

Direction, and lefſen'd or ſtopt by a leſ- 

ſer or equal oppoſite Force, ſo in like 

| Manner may this circular Motion be. 

5 And in like Manner as two Bodies im- 

elled by Forces contrary and equal will 


of exactly counterpoiſe each other in a Rec- 
tilinear Motion, where the Velocity and 


Quantity of Matter are on both Sides e- 


RE fo will they' erg In the vs let 
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T buen pen 1 
MF IJTime, It is plain that the | 
VvVoouldl of it ſelf cauſe t be L. 

58 revolve towards 

0 | being ſuppoſed inflexible, the other Seg- 

_ EEE , 4 


8 5 "Of the 7 Te, T] 


— 


ain O B muſt revolve towards 'H: 86 
the Foree E B would of it ſelf cauſe” ths 
Line CB to revolve the contrary Way 
towards K, and the Line AC for tle 
fame Reaſon towards 14 Thereſore cheſe 
Bodies oppoſe each others Motion; * and 
ſince they are equal as to Weight, Velo« 
city and Diſtance from the Center, that 
Oppoſition on both Sides muſt be equal, 
therefore they can't turn the Line A CB 
round at all. And if we ſhould ſupp ole 
the Strings MA, NB faſten'd at the 
Ends of the Line ACB, and that the 
Points A and B are pulled downwards, 
E towards M and N by. thoſe equal 
Bodies hanging at the Strings MA 
and N B, the Fleet would Kill be the. 


” LF Þ 


in Equilibrio | as 1 N ow 5 55 is the, 
Caſe of the common Ballance, in which 
the two Scales are at equal Diſtances from, 
the Center of Suſpenſion. For two Bodies, 
1 equal Weight put into thoſe Scales 
pull the Arms downwards, one on one 
_— the other on d (HE ous But 3 the 


. 2 * N 


 O the N . | 


8 Make of the Machine, one Armitae? t fat 
except the other riſes; and by reaſon. of. 
the equal Weights, each Arm is pulled 
downwards by a Force equal, 3 that 
which raiſes it upwards; therefore the 


Arms can neither riſe nor fall, and con- 
ſequently the Ballance will remain in Eo 
| ell, 85 


W — 


"ph HIS is s the, Caſe of che common n Bal- 5 
lance; but there is another Kind of Bal- 
lance called the Roman Ballance or the 
Stilliard 5 in which both the Weights 
are unequal ; and their Diſtances from 
the Centre 11 Suſpenſion unequal alſo. 
The Method in weighing any Thing 
with this Ballance is, to make the Dil | 
tances of each Weight from the Centre 
_ of Suſpenſion reciprocal to the Quantity 
of the Weight; that is, to hang a Weight 
of one Pound 8 times farther from The : 
Centre of Suſpenſion than the other of 8 15 
Pounds; and ſo other Weights in the ſame 
5 Proportion. This is the Method in Prac- 
tice: I 23 now. ſhew the mores. 


Rea. 


8 of he Ba ALLANCE. i | by 5 


E 


5 Reaſoning upon which this Pratice is is + 
| 1 


Ir was og Hells at's two mo- 
ving Bodies have equal Momenta or 
Quantities of Motion, when the Veloci- 
ty of each Body multiplied into its 
| Weight, produce on each Side equal 
Redctangles or Products, It was ve 
ſhew'd alſo, that ſuch Bodies moving in 
the fame right Line with oppoſite Direc- 


tions will N and ſtop each o- 


ther. And that the Caſe was the ſame if 
they ſhould impel two Arms of a Ballance 
which are in Equilibrio. They would 
exactly counterpoiſe each other, and the 
Ballance would remain unalter'd, The 
Reaſon was ſhewn to be this plain one, 
that it requires the ſame Force exactly to 
iümpel one Part of Matter thro' three 
Parts of Space, as it does to impel three 
e wn Matter ods one Fart 1 0 e 5 
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"3 F ue ak in ehe be Fig the Ling 
ACBin a Horizontal Situation, and di- 
vided at the Point C in ſuch a manner 
that the Line A C may be to CB as to 
3; and that at the Point A there hang a 
Weight equal to 3, and at B, a Weight 
equal to 1, the Weights and Diſtances 
will be in reciprocal Proportion. In this 
Caſe then, the Line ACB will incline 
neither Way, but remain in theſame Ho- 
rizontal Situation it was in before, For 
at the ame Time that the Point A pulled 
downwards by the Weight tends to'deſ- 
cribe the Arch A D, the Point B being 
lifted yp by the Gm Force tends to ef . 
cribe the Arch BE, Now the Arches 
D and B E being proportional to AC 
Aud C B wil be a as one to 3, Therefore 
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5 Weight at A which 2 tends to go - 
over the Space AD which is as one, at 


the ſame Time that the Weight at B 
which is as one tends to go over the Space 


B E which is as 3. Now theſe two Ten- 


dencies or Efforts were ſhewn to coun- 


terpoiſe each other, and therefore ſince 


the two Weights tend contrary Ways 
with equal Forces, they can neither riſe 


nor fall but muff remain in Equilitnio. . 


Tris Proof may be dee : 
ted ſeveral other Ways; but the Method 
uſed occaſionally by Sir 1/aac Newton by 


the Reſolution ob ſingle Forces into 
Compound is fo very curious, that I be- 


| lieve it won't be diſagreeable to conſider 


that likewiſe, in a Manner ſomewhat _ 


more diffuſe, than was e dle to his 


e or Method. . N 
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1 Tk T us ſuppoſe in Fig, a circular Plane 

ſulſpended in a perpendicular Situation to 

the Horizon, by an Axis that paſſes thro? 

its Centre at right Angles to its Plane, 
the two Ends of which Axis being fix'd, 

the circular Plane may move round | it, | 

by a Force or Weight apply'd to any | 

Point thereof. If there be hung upon 
any Point of this Plane as A, a Weight as 


8 
1 


"Of the ESTES \) op 
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25 D, "he — Plane” which before was 
in 'E quilibrio, by reaſon that all its Parts 
being at equal Diſtances from the Cen- 
tre could not preponderate any way, Will 
| cog by this adventitious Weight altering 
ts Equilibrium, be forced to revolve 
| ron its Axis C, ſo that the Point 
A would Seltribi the Line A F. 
And fo if we ſhould ſuppoſe the Weight 
E, hung at the Point B, by a String B E, 
it l make the Plaine reyolve the con- 
trary Way from B to H. The Queſtion 
is then, what is the Situation and Quan- 


tity of two Weights, which having op- 


polite Motions as D and E have, ſhall 
keep this Plane in Equilibrio as it was be- 
| pom. And I fay, that if we ſuppoſe a 
Line AB drawn parallel to the Horizon, 
and the Weights to be ſuſpended upon 
that Line in ſuch ſort as that their Dif 
tances from the Centre C may be reci- 
_ procally proportional to their Weights, 
_ will remain in n Equilibrio, 5 


B. vr in nd to | demonſtrate n we 


lp you the an Lemma, mw 
the 
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- the rodeo Weigh he in turning * = 
Plane will be the ſame in all Points of the 
Line AGI, as it Will be in any one ot 
a — chat is, that it Will have the ame ff 
; Effect at G or I, that it will have at 4. 
I.! is appears from what was before ſhewn ff 


” 1 


5  ofobliqueForces and cheir Effects, ing. aß. 


= and E hanging at A and B, and keeping 
bzhue Plane ia Equilibrio. Making, the great 
eee.ſt Diſtance CB Radius, imagine a Cir- | 
bh cle deſcribed upon the Planes that ſnall in g 
terſect the Line AD in G. Then will 
. cs be equal to CB. Now by the Lem- 
maaa juſt mention d, the Weight D will 
_ ans the ſame Effect pulling G C oblique- 
; 5 ly as. the Wei E pulling C B at rig 
Es . Angles.” In this Caſe if the Weights were 
* | ual, the Plane could not be in . 
nn brio; for the _ Wei ght mene _ 


= ' Weight E that a0; at ſs Asses 2 * 5 
3 that the Weight E would overcome it ; 
_ and make the Plane revolve contrary, 5 
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2 this Defect, its Weight. muſt 5 0 
much the greater; that is, by how much _ 
the perpendicular Force is greater than 
the oblique: Force, by ſo much muſt the 
Weight apply'd obliquely be greater than 
that which is apply'd perpendicularly. 
Now in order to find the Proportion 4 
the oblique Force to the perpendicular, 
dune G Kat right Angles to G C, and IK 
ar allel to it, and compleating the Para; 
llelogram LG IK, the oblique Force 
GI will be reſoly'd: into two, G K and 
LG. Now by what I prov'd above the 
oblique Force will be to the Perpendi- 
cular as G K to GI. But the Triangles 5 
'GiIK and G1 L are like as being „ 
formed by the Diagonal of the fa. 
rallelogram, and theſe two are like to | 
the Triangle A GC; for: the AngleAG ] 
C is equal to the Angle TGL, aan 
fore to GI K, and there is a right Angle 
in all the three; ; therefore all the three _ 
Triangles are alike or ſimilar. Therefore 
25 GK to GI, fois AC to GC, but the 
_ oblique Force i is in this Caſe to the Per- 


gend, a8 GK to 6h therpfogs-as AC to > Il 
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thus DS. 
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| chem; chat is, | za f = 
i er. at * B, and keeping 
== the Plane in Equilibrio. Making the great; 
eee.ſt Diſtance CB Radius, imagine a Cir- 
387 e deſcribed upon the Plane that ſhall in- 
Bj | verſe the Line A D in G. Then wilt 5 


C be equal to CB. Now by t 
n ma juſt mentionꝭd, tlie Weight D wil ; 
: have the fame Effect pulling GC obliques | op 


ly as the Weight E pulling CB at right 
Angles. In this eights wet 
. jual, the Plane 
brio; for the equal We 
5 uely, has leſs Force than t 
Weight E that acts at right A | 
that the Weight E would overcome it 
and make the Plane revolve contrary, to 
poſition, Ther _ | 


x PEE Los ris ad den teat 


La ma ©. 


* 


* this Detect, it 105 5 Weight has <P 
much the greater; that is, by how much 
the perpendicular Force is greater than 
the oblique Force, by ſo much muſt the 
Weight apply d obliquely be greater than 
that which is apply'd. perpendicularly. | 
Now in order to find the Proportion 
the oblique Force to the perpendicular, 
draw G Kat right Angles to G C, and IK 
parallel to it, and compleating the Parz. 
or rang LGIK, the oblique Force 
61 will be reſoly'd: into two, G K and 
LG. Now by what I prov'd above the 
oblique Force will be to the Perpendi- 
cular as G K to GI. But the Triangles 
I K and G1 L are like as being 
formed by the Diagonal of the Pa- 
 rallelogram, and theſe two are like to 
the Triangle AG C; for the Angle AG 
O is equal to the Angle 10 L, and there. 
fore to G IK, and there is a right Angle 
in all the three; therefore all the three 
Triangles are alike or ſimilar. Therefore 
as GK to GL, fois AC to GC, but the 
oblique Pore is in this Caſe to the Fer- 
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5 | eee by: a 
g lar Line at © „ich the V eights I 
OS E "mr at its Ends A and B, w 


72 gh 45 q perpendic ] ry; 2 

5 is as the oblique Force is to the 

= 7 lar, ſo is the Weight E to the 

ET. ght D. But the oblique Force is to 

5 perpendicular as A C to CB, there 
fore the Weight E is to the Weight 

to CB, which was the 

, proved. 35 1 n d 8 9711 

| | Nc o w if we ſuppoſe the uſeleſs and. 

Ros. Parts of this Maching © 1 


Figure of the Ballance in our 
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All that remains t to be prov'd is; that GC 


s to Nas A C to C B. But the An- 
gie AG is equal to che Angle e 
and there is a right Angle at A and Bby 
the Conſtruction, therefore the Triangle 
Accs ſimilar to che Triangle N CB. 
5 Therefore the like Sides having like Pro- 
1 portion, G0 is t CN ö to CB. 
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8 THAT if two unequal Weights 
C given, and it be requir'd to hang thoſe 
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atter is, that thoſe outwat 
ments are ſo great, as to hinder this Law 
Ow rom akin ba - 


ample, if a J to 1 
Weight 5 or 40 00 from the Ground, 
ro ſet it upon any Place erhaps 3 Foot 
igh; fince this Weight is thariageable | 
by the Strength of moſt Men, it follows | 


that he will have nothing elſe to do but 
to take it in"one”o ”or both Hands, ai c 


lit it to t Place elign'd. - a this Caſe 
it is plain, that the © Weight will move 


With a Velocity ra to the 
eight that a 


will certainly move as 


Weight of 690. / de, 
_ was, prov d that he ge do this. alf 
could appl a Kt 1 


0 e Manner char che Velocity w with which! it 
A , might be as much leſs than that of 
the former of 40 lib. as the Weight of 

40 lib. is leſs than 600, that is 15 times 

Teſs; if Ifay he could do this, he mighit 

remove this greater Weight alſo; 6nly it 

heing 15 times greater, it would by what 
we proy'd move 15 times ſlower. Now 
this can't be done without, the Interventi- 

dn of ſome Inſtrument or Machine, for as 

I ſaid, if a Man apply only the Members 
ot this Body, the Force can move no faſt» 
er than the Weight does; but it is ne- 
ceſſary that it ſhould be 13 times faſter; 
therefore ſome Machine muſt be applied. 
What thoſe are that are generally uſed 

fror this Purpoſe, I mentioned before; the 

Lever, the Pully, the Wheel, the in- 
_ clin'd Plane and the Screw. I am now 

0 85 conſider the firſt of them. 885 5 


* it Auer or Machine is gene- 
rally i in Practice a wooden or iron Bar, 
when uſed for the lifting of Weights, | 
tho? it comes. I * N meth differ- x 
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great. Weight, 0 as for Example, a la 
d heavy Stone n off the Gro 

es uſe of a 
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needful, 5 on th 
Tok er nd et the Lever; downwards, I 
in the Direction B C, which End. B de- 5 
ſeending, malkes the other End A of hs 


* 


Weight that is falten d to it. In this 4 
Caſe the fix d Point i is between the Pow- 5 
er and the Wei icht. M 9 ITE 7 15 973 
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* 1 Y 1 15 oF A 8 : * | ſ Fl ; 4 
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th 2. Te a Man deſires to ſet fuch a Ston 0 
up on End only, without moving 7 
entirely off the Ground, he makes: ule ef 
4, 1 7 of the ſecond” Kind. Havi. 

got his Lever under the Stone, he lets it | 
lie flat upon the: Ground, without. any, 

Prop to ſupport: it, as he did b fore. 
Then will the Lever and the Weight ap- 


as in the Figure. Then inſtead of 
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puſhing the Lever downwal ds as in "the 
_ firſt Caſe, he heaves it upwards, fo chat 


the Weight lying upon one Part of it 
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"the Mechanical Powers. 


Mut takend: af the fame time with the 
Caſe the Weight i ts; 
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2 e fix d Point and Force or Pow- 


er, the: fixed Teint being at the End of 
the Dn Jo ; Adel 


rearing up apts 
AF this Kind; 


4 


* Patt of t I Ladder 
it is between 'the "Man's Hands that 
raiſes it and the Top, being taken fo 
We eight, the Perſon's Hands for the Pow- | 


er, an 


and the End of the Ladder that reſts 
| the Ground for the fix d Feint. ws 
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5 fixd Point is at an Angle, and is cal- 


led a bended or crooked Lever. A 


mmer drawing out a Nail is ſuch a 
Kind of bended Lever. I come now to 
ſhew the Properties of theſe four Kinds 
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N o > the fir: of theſe is very evi Tn 
Pee as the Bailancece, 
where the Weights are unequal, pare oo 


Arms that ſupport them are unequal al- 
fo. For if we ſuppe in the Figure te 


ws Ng 4 at the Arm CB and Ac — 
. reciprocally proportional to the COM. e 
of thoſe Lines, then by what I prov d 
under my laſt Head, thoſ Weights will 
mutually ſupport each other, and the 
Machine is called a Ballance. But if 
Inſtead of the Weight at the End of the 
| longeſt 1 we ſhould ſuppoſe a Man 
to apply a Force equal to that of the _ 
Weight, then it is called a Lever. N. oy 
in this Caſe inſtead of ſaying the two REEF 
Weights are reciprocal to each other, we * 

fy the OO" _ the Fower are rec. 
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| cal 80 ha 85 Eſa ; is — ; = 
Hut the Cauſe alter'd not in Quantity 
but in Kind. 5 Prog hence it follows, 
that the Mathematical Idea of a Leve 
of the firſt Kind; is an inflexible eight 
Line A CB, one Point of which being 
ſupported by a Line C Mat right Angles 

to is, the two Parts of the Levef im- 
pell d by a Force or Forces, deſcribe Ar- 
chez round that Point; : which | is the ſame 
as che Ballance. Therefore all th& has 
been prov'd of the Ballance may be with. 
out farther Trouble apply'd to the Lever 
of the firſt Kind; the Line C M being cal- 
led the Prop or Fulciment, and the Point 
ben won which the FO Wal the heel 


Trans is ag one thing to be obs 

| ſery'd i in Practice, which produces, an Ef- 
* feQ in the inclined Lever, that is not found 
in the Ballance, which it is convenient to 

take ſome Notice: of. In the Ballance 
by rt generally acts upon the Arms, 
by pulling from below, by the means 


gh. * ware Fe 7 taſk end 50 ic; | 
30"; „ $ 2 ; : which 


| ey movin © as in one een, at 2 
the Ballance, act only upon one Point of 
Sach Arm by the Nature of the Ma- 
chin. But in the Uſe of a Lever, the 
Weight being generally faſtened to it, 
or elſe lying upon it, acts upon ſeveral 
Points of the Lever at once, and thete- 
fore when we are comparing the Diſtan- 
ces. of the Weight to that of the Power, 
we muſt conſider to what Point the 
Diſtance of the Weight muſt be compu- ig 
ted. For ſince the Weight is in ſome 
Fart of ivneerer: to the e as E 14 is 


* * 


nearer 8 D Ph in the! Fig, g. © Reaſon l. is v7 
aſſign'd why we ſhould take & F rather 
than CA for the Diſtance, which would 

make our Computation uncertain, N o 
In ng to e that Matter, the 


1 oral. 8 = ERA 3 is the =o : 
Hut tha * alter d not in Quantity 

but in Kind ren hence it follows, 
that the Mathematical Idea of a Lever 

"0 the firſt Kind, is an inflexible. ri ight 

ne A CB, one Point of which . 


ppo ted by a Line C M at right Angles 
to it, the two Parts of the Levef- im- 
pelld by a Force or Forces, deſcribe Ar- 


chez oder that Point ; Which is the ſame 
as che Ballance. Therefore all that has 
been prov'd of the Ballance may be with 
out farther Trouble apply'd.to the Lever 
of the firſt Kind; the Line CM being cal- 
led the Prop or Fulciment, and the Point 
5 upon which the f We fixed : 
ont: rare 
AF; x | $7. „ e 5 
| Tyrne | is 3 one thingt to be ob» 
ferv'd i in Practice, which produces an Ef. 
feed in the inclined Lever, that is not found 
in the Ballance, which it is convenient to 


take ſome Notice of. In the Ballance | 


preg. generally acts upon the Arms, 

7 pulling from below, by the means 
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7 Pry , 3” cher b in one e Point at 
the Ballance, act only upon one Point of 
each Arm by the Nature of the Ma- 


Weight being generally faſtened to it, 2 
or elſe lying upon it, acts upon ſeveral 
Poi nts of the Lever at once, and thete- 
fore when we are comparing the Diſtan- 
ces of the Weight to that of the Power, 
we muſt conſider to what Point the 
Diftance of the Weight muſt be compu- 


ted. For ſince the Weight is in ſome 


Fart of it-nearer to. the Content as E Fi is 


D_ * 
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neaxer IO D Ain * b Reaſon i is F 
aſſign'd why we ſhould take i ga F rather 
g ws CA for the Diſtance, which would | 

make our Computation uncertain, Now 
in order to determine that Matter, che 1 


At rer is, OY this Diſtance wut be ta- 
ken to the Point V, where 4 Line let 
fall from the Center of Gravity of the 
Weight interſects the Lever. But this 
Term of the Center of Gravity of a Bo- 
dy, being new, it will be convenient to 
ciplaini it a . e e d o 


TX 


hoy HE Cent 1 Ga & : a \ Body K is 
"ahi Point round which all the other 
Parts would remain in Equilibrio, if thar 
Pojnt only were ſupported. In homoge- 
neous Bodies the Center of Magnitude 
is the Center of Gravity. As for Exam 
8 if we ſuppoſe a Plate of Iron cut in. 
to aà circular, ſquare, or triangular Form 
and a fine N edle ſhould be placed un- 
derneath it to ſupport it, in in ſuch ſort 
that the Needle ſhould exactly hit the 
Center of this Circle, Square or Triangle, 
al the Parts of the Iron Plate will be 
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in ſome Caſes leſs, and in others more; 
than is neceſſary to ſupport the ſame 
Weight upon an Horizontal Lever; in 
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one may rg het a ma nner, preportion 
the Velocity with Which the Power 
moves; to that with which the Weight 
moves, that they ſhall be to each other in 
reciprocal proportion to the Quantity of 
the Power and the Weight; tliat is, that 
the Part of the Machine apply*d to the 
Weight may move as much ſlower than 
that Part of the Machine, which is 
ply'd to the Power, as the C Quantity of 
the Weight exceeds the Quantity of the 
Power. I then ſhew'd, how this may 
be done by the Application of à Lever, 
by which, if a Weight be ſupported by 
a Power leſs i in Quantity than it ſelf, the 
Diſtances (and conſequently the Veloci- 
ties) of each, muſt be in e Pro- 
© ous to cheir Meer et eg 
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ſome Contrivance, which at the 
time that it keeps it tight, and cloſe, and 


man convenient to 8 
ſmall, as to bear no ſenſible 2 25 : 
to the Height of the Machine from the 
Ground, and alſo to have no Weight: 
that is, ſo that we may ſet aſide the Cen- 
I Kderaion of their —_ and ne Y 


Tz E Manner of e this Ma- 


chine is as follows. The Height to 
which the Weight is to he raiſed being 


determined, there muſt be ſet up at that 
Height ſome firm Support, able to hear 


the whole Streſs both of the Weight and 


of the Power acting upon it at once. 
In Pradlice they make Uſe of the Sheers 
for this Purpoſe; or a ſtrong croſs Beam 
well ſupported on both Sides, when 
they would raiſe the Weight to greater 


Heights than the Sheers can be con- ; | 


venientiy applied to. Then to this 
Beam is faſten*d a Pulley by the Help: of 


firm to the Beam, gives free Leave to 
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into the Groove, that D he: 
Thickneſs of the Pulley, they flide the 
| Rope, which naturally hangs down looſe: 
on both Sides of the Pully, and one End 
of the Rope is taken hold of by the Per. 
ſon that is to draw up the Weight, At 
the ſame time there is prepat d another 
Pully below, which has a Hook, or o- 
ther proper Device to take hold of the 
Weight with, faſten'd to it in ſuch man» 
ner, as that the Pully may play freely | 
about its Axis, while the Hook remains 
unmoyed and ftedfaſt, by a like Contri- 
vance with that of. the upper Pully, 
Then the other End: of the Rope that 
hangs looſe being let down, is taken 


hold of by thoſe below, and put round 


the lower Pully; frem whence it is again 
carried up and faſten d at the Top by 
ſome Device to the croſs Beam. 1 
 Faſteningis made ſure and tight, and as 
ſtrong as they can poſſibly make it, mY 

- cauſe upon that Part of the Beam the 
Force and Streſs of the whole Machine 
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TRA in n Bodies acting en 0 o- 


| gr, the Body acted upon doth commu- 
” ang. to that which acts upon it a Re- 
ation, which is contrary and equal to the 
Adtion. of the other Body upon it ſelf; that 
is, to expreſs my ſelf more univerſally. 
and _ char Action and at Wage 


al to each ee 


8 explain his 2s nde Aan 1 
preſſes with his Finger upon a Stone, 


the Stone by Re action preſſes equally 
upon his Finger. If a Man is driving a 


Nail into a Piece of Timber with a Ham» 


mer, the Nail acts upon the Hammer by 
driving it back, as much as the Hammer 


acts upon the Nail in driving it for- 
wards. If a Man be pulling a Stone to- 


wards him by means of a Rope faſten'd 


to it, he is by the Re- action, pull'd as 
much backwards towards the Stone, as 
the Stone is pull'd forwards towards 
him. If a Weight be ſuſpended by a 


Rope from a Beam, by that Means it 


N chat Pare af the Beam it is ſuſ. 
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3 a Force equal to its Weight. To 
this Caſe, the Beam fhall by its Re- 
action pull the Weight upwards from 
above, exactly as much as it ſelf is pul- 
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from the lower Pully in the Machine be. be- 
fore deſcribed acts upon the two Strings 
on each Side, each of which, for that 
Reaſon muſt ſuſtain half the Weight on- 
ly. Therefore the Weight | tends to 
pull Part of the String D CE over the 
Pully at C, with a Force equal to that 
of half its Weight; ; but we ſuppoſed the 
Power pulling at Ei in a contrary Direc- 
tion to be equal to half the Weight; 
therefore theſe two Forces being equal, 
will ſuſtain each other mutually. The 
other half of the Weight acts upon the 
String A B, pulling it downwards, but 
by the Law of Re- action it will bepulPd 
upwards by an equal Force; therefore on 
5 ry Side allo, it will be kept ſuſpended 5 
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be placed in its room; and that the 
String BA were fo lengthen'd, as that it 
might be thrown over this ſecond upper 
Pully and hang down to F; and that a 
new Force equal to half che Weight 
ſhould be apply'd at F'pulling 1 the String 
AF downwards, I ſay, that this Force 
would be equal to that, by which the 
fix'd Point A ſuſtains its Share of the 
Weight; For the Force by which the fix'd 
Point A ſuſtains the Weight, is equal b7 
the Law of Action and Re- action, to 
that with which the Weight acts upon b; 

rhat was faid before, the Weight 
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Actions of the Weight, and Power, and 
t d Point upon them. For the Weight 
ſtrains each of them with a Force equal 
to half its Weight; and the Power, and 


: 1 fix d Point On their Side, ſtrain them e 


qually, with Forces ſeverally equal to 
half the Weight; therefore being ſtrain- 
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this Caſe as 1 to 2; the Number of 
Strings apply d to a ſingle lower Pully 
being two, as is plain by Inſpection. But 
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> Werg! upon the 
eroſs Piece pulls it, and by that Means 


the Pullies faſten'd to jt. Now in this 
_ Caſe the Weight which before acted upon 
one lower Pully only, is here divided in- 


to three equal Parts. Therefore each 
lower Pully is acted upon, but with 


: - third of the Weight. And ſince 
there are two Strings to each lower 


Pully, the Action of each of thoſe third 
Parts, will by what was prov'd before, 


be divided again into two other equal 


Parts, each of which will be ſuſtain'd by 
each String. Therefore every String 


will ſuſtain one half of one third, that is, 
a ſixth Part of the Weight, Therefore 


the String AB, Which is next to the 


Power, is ated upon by only a ſixth 


Part of theWeight, which for that reaſon, 
will be ſuſtain*d by a Power equal to a 
ſixth Part of the Weight. And it is 


? ig from the ſame — that this 


— 


will os the c 15 the Non b r of 
| lies 12 never ſo e EE 


Nature of it, the Weight acting upon 

the String K I, tends to pull that String 
downwards, from the Pully between I 
and G, and by that Means to make the 
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Ax p the Reaſen of this wills appear d 
if we conſider ſomething nearer the 
Make of this Machine. For by the 


ewe Parts of it to deſcend towards 


the Point K. But if any Point thereof, 


as a deſcends, it muſt make the Point F 
in the String G H to aſcend. But by 


the Nature of the Machine, all the Strings 
are pull'd downwards equally, and there- 
fore the Point 6 tends to deſcend with 


the fame Force as 4 does; for which 
Reaſon, neither can one deſcend nor the 
other end- Therefore thoſe two Parts 
of the Weight, that are ſupported by 


the Strings I K and G H, are not at all 
ſuſtain'd by the Power, but by their mu- 
tual Counterpoize; that Part of the 


Weight that acts at K, being ſupported 


oy _ TY G H, and that Part that 
"Ws — acts 
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i as at H by the String 1 K, acting with 


equal Forces contrary Ways. In this 


11 Caſe, the horizontal Diameter of the 
Pully I G may be conſider'd as a Ballance 
or Lever, in which the two Arms are 


equally diſtant from the Centre, and 


two equal Forces pull. thoſe two equal 
Arms downwards, in which Caſe it was 
ſhewn before, that theſe two Forces 
would EY ſupport each aher. 


Av x o by the fame Manner of arguing, 


one might ſhew, that the two Parts of 
the Weight acting upon EF and C D, 


ſupport each other mutually. Now here | 


being four Parts of the Weight out of 


the fix, which as we have ſhewn, ſup- 
port each other, it follows, that we 


have but two to provide Forces for. 
But the Part of the Weight. applied to 
LM, is ſupported by the fix d Point at 


L,: with, a Force equal to that with 


: e it acts upon L, by the Law — 
Aion and Re-aRtion mention'd before. 

| So that all the Weight the Power has to 

. aproct * its own n is that ſin- 
"8 ">. bf te. 
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ge . part duty chat a upon A B, which 
being a ſixth Part of the Weight,” „„ 
plain, that a Power equal to a ſixth Part 
of the Weight, will be ſufficient for that 
poſs as was ſhewn before e 


61 have Sig the longer upon this, Fo 


ha there is ſomewhat particylarly 


| ſubtle and worthy Obſervation in the 
Contrivance of this Machine, wherein 
ſo great a Part of the Weight ſupported 
by it is thrown off from rhe Power, 

| and made as it were to upper it fel, 


Bo FR K OM hence it follows, : as before, © 


* Tx AT this Strings are equally 
ſtrain'd, being pulbd by equal Forces. 
For in this Caſe we ſhew*d that each 
String is ſtrain'd by a ſixth Part of b 
Weight therefore equally. ee 
2. Tear the Power i is to the Weight, 
as Unity to the Number of Strings appli- 


ed to the lower Pullies, for as appears by 


JaſpeRion; the Number of thoſe Strings. 
— „„ bs 


. —_— 
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is 6, a and it was. ſbewn, that the Power | 


s to the Weight as one to ſix, And that 
this will be the Caſe when the Number 
of Pullies is greater, there can be no 
Pretence * Reaſon to Aut. Farr 


3. Sin Ge the Power that 3 ſup- 


ports a Weight by the Help of Pullies, 


5 | muſt: be to the Weight as Unity to the 
Number of Strings applied to the lower 
Pullies, it follows, that a Power that 


moves a, Weight by the Help of Pullies, 


muſt be in a greater Proportion to the 


Weight, than that of the Unity to the 


Number of Strings; becauſe, a Power 
that nove, muſt be greater than that 
which barely /apports. And by how 


much the Quantity of the Power exceeds 


this Proportion, with ſo much the 


greater Velocity, it will cauſe the Weight 
12 aſcend towards the fix d P oint. 


Wy Tx AT in this. FT EY FO ſever 


F ral Parts of the Strings will move with | 
| a Velocity, which will be to that of the 


gs as the N umber of Strings. ap- 


Pes 
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plied: to the lower Pullies is to. = Tay 
chat is in the laſt Caſe as ſax to one. 


For it is plain, that in drier to 560 
raiſed to the Height deſigned, the 
Weight only moves a Length equal to 
one of the Strings GH or EE; 9 Wy 
as the entire Cord compoſed of the Sum 
of the Strings A B, BC, EF, HG, 
IK, ML, mult be all entirely drawn over 
the upper Pully at A, to make the croſs 
Piece, whereto the Weight is faſten d, 
meet and touch the upper Pullies and 
Beam at top: But that Cord being ſix 
times longer, muſt move therelors. wich 
fix times the ee ; 1 


5. ＋ HAT by this Inſtrument als one 
| EE - move the greateſt imaginableWeight, 
with the leaſt imaginable Power, by in- 
creaſing the Number of Pullies, ſo as 
that the Number of Strings apply d to 
the lower Pullies, may be to Unity, as 
10 INS to * Power. | 
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al and Axle has all the 
L Advantages belonging to the Pul- 
A ich ſome peculiar to it ſelf. It 
I nat unfitly. be divided into two 
ſimple and compound. 


* I # '. * : F 3 * 


TAE Simple con iſts of two e 
. having one common Axis, but 
unequal Baſes. That with the larger 
| Baſe is called the Wheel, and the other 
8 Axle, So in the Fig. the Cylinder 
| whoſe Baſe is A B, is called the Whee l 
and the Cylinder whoſe Baſe is C D, is 
called the Axle. In Practice, their * 
and Altitudes are generally ſo proportio- 
ned to each other, that the Altitude of 
the Wheel is leſs than the Diameter of 


its Baſe; and on the contrary, the Alti - 


tude of the Axle. exceeds the Diameter 
of its Baſe. ee e bee el 
3%CCͥCöͤ ³˙ TU HISNSY 67 


a ner of uſing this Machine, 
Phe two Ends of the 
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tal Situation, that the h. le Machine EO 
may freely revolve about the common ũ +5 #3 
Axis of the Wheel and ales” "the 20 
W heel by ſome outward Force applied „ 

to it, is made to turn round, which o- # 


bliges the Axle to turn round likewiſe: „ 
This is ſometimes done by Means of a 


Rope going round the Wheel, and .. 
"a to ſome Place in its Circumfe= 
rence ; ſometimes by Men walking with- 
in it, as in the ordinary Cranes uſed for 
lifting and removing Goods; which are 
only Applications of this Power. Ano- 
ther Rope is alſo faſten'd about the Axle, 
in ſuch a Manner as to wind it ſelf 
round it, while it revolves by means of * 
the Force applied to the Wheel. That 
End of the Rope which hangs down is ; 
 faſten'd to an Hook or other Device, by 
which it takes hold of the Weight, 
Then the Force acting upon the Wheel, 
makes both the Wheel and Axle turn 
round; and the Rope faſten'd to the 0 
Axle, winding it ſelf about it by that 
e muſt N pull Wei RM: 5A 


eight; * 


Ee 106. of The e Powers. * 
Weighs; the Ph cion of Rope between 
the Machine and the Weight, continual- 


don of its winding it elf about the Axle 


as faſt as the Wheel turns round. There- 
fore the Weight muſt aſcend continually 

towards the Machine, tilt fuch time as 
the whole Rope being wound about the 
Axle, it is made to riſe as high as the 
. Force that acts W SOT 


Dawn this Deſcription of 9 Ma- 
ink and its Ufe, we may obferve, Firſt, 
that here are two contrary Forces ah» 
ing in Oppoſition to each other, one 
_ whereof, that is the Weight, teins to 
make the Machine revolve one way, 
and the other, that- 15 the Power, tends 
to make it revolve another way. Se- 
condiy, that theſe Bordes act at different 
iſtances from the Axis, or immoveable 
Line, round which the Machine turns; 
namely, the Weight at a Diſtance equal 
to the Radius of the Axle; and the 
Power at a Diſtance equal to the Radius 

of ig N Now this anſwers to a 


| ly growing ſhorter and ſhorter, by Rea- , 


Lever 


2 the Wa E BL. os 1 


| 15 3 of the F Kind, hoon: the 


T fixed Point is at the End of the Lever, | 


and the Weight between the Power and 
the fixed Point. Therefore What was 
diſcovered and ſhewn- under that Head 
relating to ſuch a Lever, may be alſo ap. 
plied to this Machine, expreſſing the 
Diſtance of the Weight by the Radius of 
the Axle, and the Diſtance: of the Pow- 

| * by the Radius of the Whats: 


a Kew. it was ther found, tae whow 
the Diſtance of the Weight: and the 
Power from the fix d Point are recipro- 
cally proportional to their ſeveral Quan- 

ities, the Weight would be ſuſtained by 
the Power, and from thence it was con- 
_ cluded, that if either the Quantity, or 
the Diſtance of the Power exceed that 
Proportion, it would be ſufficient, not 
only to un hut to move it. Han 
it en 


SD 0 $70 in bo cn * 
Radius of the Axle be as much leſs than 


= he Radius 6. dle Weh a5 the Weight 
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—_ 8 2 Wann 
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8 is greater than the Pow er, the Pow. 
er will ſuppott the Weight; that is, 
if the Radius of the Axle be as one, 
and the Radius of the Wheel as three; . 
and if the Weight be as three, and the 
Power as one, that then the Power will 
ſupport the Weight. And therefore, 
that if either the Quantity of the Pow- 
er, or the Radius of the Wheel be great- 
er than in this Proportion, the Power 

will move the Weight. It was alſo in- 
ferr'd, that the leaſt imaginable Power, 

might ſuſtain the greateſt imaginable 
Weight, if the Diſtance of the Weight 
from the fix d Point, were as much leſs 
than the Diſtance of the Power from 
that Point, as the Power is leſs than the 
Weight; and if that Diſtance of the 
Weight be ſtill leſs, it would move it. 
Hence we conclude, 2. That in the Wheel 
and Axle, if the Radius of the 
Wheel exceed the Radius of the Axle, as 
much as the Weight exceeds the Pow) 
er, that with this Machine alſo, the 
leaſt imaginable Power may ſuſtain the 
greateſt imaginable Weight; or if the 
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5 portion, it will alſo move it. 


D 02 what has "0 Sid, it hi | 
pears, that by increaſing the Radius of 
the Wheel, in Proportion to the Radius 
of the Axle, one may by the Help of 
| this ſimple Machine alone, remove as 
great Weights as uſually come in the 
way incommon Life ; only by diminiſh- 
ing the Radius of the Axle, or increaſ- 
ing that of the Wheel, in ſuch a Man- 
ner, that theſe Radii may bear the ſame 

Proportion to each other reciprocally, 5 as 

the Power and W. do. 


Bur when we come to > apply this 
; Speculation to Practice, it will be found, 


that if the Weight exceed the Power.ve- 5 


ry much, one of theſe phyſical Hindran- 
ces will happen. Either the Axle muſt 
be made ſo ſlender as not to be able to 
ſupport the Weight, or the Radius of the 
Wheel muſt be ſo large, as many times 
it will be impoſſible to make or manage 
ſuch a Mackif as would be neceſſary. 
e , MNaw 
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Now to ſupply this Defect, the coms 
3 Wheel (if I may fo call it) was in- 
vented. The Contrivance is after this 


Manner. The Axle being made of ſuffici- 


ent Strength and Thickneſs to ſup- 
. port the Weight, the Wheel belong - 
ing to it is made of ſuch a Radius as 
they find moſt convenient, and the 
Circumference of the Wheel is cut into 
Teeth as in the Fig. Then either above 
or below (it matters not which) there 
is placed a leſſer Wheel cut into Teeth 
of equal Bigneſs, or rather a ſmall mat- 
ter leſs than thoſe in the large Wheel. 
This leſſer Wheel is called the Pinion. 
This Pinion is alſo faſten'd to another 
Axle, and ſo placed, that the Teeth of 
the Wheel and Pinion may take hold of 
each other, as they both turn round. 
At the End of this ſecond Axle is faſten- 
ed another large Wheel, whoſe Circum- 
ference is divided Mito Teeth like the 
former; and under it is placed a ſecond 
Pinion faſten'd to another Axle. At 
the other End is faſten'd another large 


Wheel, to which the Force that turns 
the | 


L the Wu TH 


0 Fn 1 Machine! is to be Fa All 
this is ſhewn 3 0 Figure. One may 
if there be Occaſion, multiply the Num- 
ber of the Piniobs and Wheels ſtill far- 
ther; but as the Method is exactly the 
ſame, it will be to no purpoſe to end 
Words in carrying on the Deſcription 
farther. Now by this Means the ſame 
Effect is produced, as if the Radius of 
the firſt Wheel had been increaſed, and 
it is very plain, it is done much more 
_ ealily and conveniently. How this comes 
to. paſs, | I ſhall now dee to explain. + 


Surrosr it were required with a 
Power equal to 40 lib. to ſuſtain a 
Weight of 4720 Pounds, which is to the 
Power as 108 to 1. Suppoſe alſo, that 
an Axle made of proper Materials, of 4. 
Inches Radius, that is, of 8 Trahes Dia- 
meter, were juſt able to ſupport ſuch a 
Weight without breaking. Now if we 
make uſe of the ſimple Machine to ſuſ- 
tain this given Weight, within this given 
5 Power, we ſhall find that it will re- 
WR: to an Axle of 9 Inches Diameter, 
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4 Wheel of 72 Foot in Dianicter to wry 
tain the Weight: But ſuch a Machine 
is impoſſible to be made, or to be mana» 


ged eb a Power. T herefore my" x 


52 e We muſt be 11 


'T 0 ens its BB; 1 1 _ 
premiſe, what I prov'd before in general; 


and confirm'd by the Examples of thoſe 
mechanical Powers I have treated of this 


therto, viz: That where the Quantity | 
of a Power, and the Velocity with 


| which it moves, multiply?d into each oz 
ther produce a Rectangle or Produèt e- 


qual to that of a Weight multiply d 


to its Velocity, the Power and the 
Weight will be in Equilibrio. That 
is, if a Power be = 1, and its Veloci- 
ty =20; and a Weight be = 20, and 
its Velocity = 1, this Power and Weight 
will mutually ſupport each other; the 
| ReQtangle on each Side being = 20. 


I ThereforeifI prove, that the Velocity of 


the Power may by the Help * this 
compound Wheel be ſo increaſed, ag 
* . into the e er 


oh, 
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Weight multiply'd into its Quantity, * 


5 dhl have prov'd at the ſame time, that 
this Power apply'd fo this Machine WIE .. 


| ſuſtain the Weight. 


a 


175 ET the uppermoſt Whedd = called 
- "2; the Pinion under it B, the ſecond. 
1 Wheel C, the ſecond ES D, and the 
third Wheel E. Let the Wheel A be 12 


lnches Radius, that is, 2 Foot Diameter, 


and let the Axle be, as was ſaid before, 
4 Inches Radius. Imagine the Power 
apply'd at the Circumference of the 
Wheel A, and by what was ſhew'd be- 
fore, .its Velocity will be to that of the 
| Weight, as the Radius of the Wheel to 
the Radius of the Axle, that is, as 12 
to 4, that 1 is, as 3 to 1. Let us now im- 
gine the Radius of the Pinion 'B un- 
der it to be two Inches, and the Num- 
ber of its Teeth = 12, and thoſe of the 
Wheel A = 72, that is, as their ſeveral 
Radii, that is as 2 to 12, that is as 1 to 6. 
Let the Wheel C be eq val in Radius, and 
in Number 6 of Teeth 80 We A. We 


9 are 


*. e — 12 


e 1 =yY i * Ihe Provere, 


oy are now to > ſu poſe the Power applied at | 


Het the Circumiference c of, this Fee! Co and i 


Ale of the Wheel A, makes 
cumference of that Wheel revolve with a 
55 Velocity that is to its on as 3 to 1. As 


= its Teeth go round they catch ſucceſſive- 
: I upon thoſe of the Pinion B, and make 


to find its Velocity t here. Now the 
Weight being ſuppoſed 


to act 2 the 
the ON 


at Pinion go round with, a Velocity e- 
qual to their own; that is, three times 


A Kater than the Weight; ; for the Teeth 
\ catching . upon each other, can move 
neither ſwifter nor ſlower than each o- 
ther. The Pinion B in going round. 
makes its Axle and the Wheel C go round 
Ukewiſe. But the Radius of the Wheel 7 
C being to that of the Pinion B, as fix 


to one, the Velocity of its 1 


| rence, and therefore of the Power ſup- 


poſed to be apply'd there, will he to 


F That of the Pinion B, as fix to one alſo, 
But the Pinion B is three times ſwifter 
than the Weight, therefore the Velocity 

of the Power at the Wheel C, being 6 
times greater than ns. pub be 18 times 


greater 


hat Pinion turning rot 


5 0 e warns > N 1? 


Seer than that of 5 Sup- 
poſe fo ver apply d at the ir- 
cum rence dicks Wikeel E. ThisWheel - 
having no Pinion to take hold of, Has 
no Feeth, but is made like that in tlie 
fimple Machine With a Rope for the 
Power to move it by. Let the Pinion D 
be equal i in Radius, and in Number of 
Teeth to the Pinion B, and let the Ra- 
dius of the Wheel E be equal to that of 
the Wheels C and A. Then by what 
was ſhewn before, the Teeth f the 


Wheel C, taking hold on thoſe of the 


Pinion D, make that Pinion turn round 
with a Velocity equal to their on. 
nd, makes the 
Wheel E turn round a8 Wirkt a Veloci- 
ty, that is at the Circumference, as the 

Radius of the Wheel to the Radius of 
the Pinion, that is as ſix to one. But 
the Velocity of the Pinion D is 18 times 

greater than that of the Weight, as Was 
ſhewn before; therefore the Velocity of 
the Power at the Circumference of the 
Wheel E, being ſix times greater than 

1 75 will be to that of the e as 


| 6% 181 10 my phat is as 108 ton There- | 
fore the Power, whoſe Quantity is as 
one has a Velocity as 108; and the 
Weight whoſe Quantity is as 108 has a 
Velocity only as one. Therefore this 

Power, and this Weight multiply'd ſeve- 

rally into their Quantities and Velocities, 
produce equal Rectangles; therefore 
ey will os dane auen other. 5 


5 E ROM ne it is fy to ons 
54 1. The vaſt Convenience of this com- 
pound Machine, which within a ſmall 
Compaſs, performs the ſame Thing as 
F would have required a mos Wheel of | 
=_— . Woo: Diameter. 185 5 
585 Ta H. * ; vaſt: Ada 4 it 855 over ; 
the Pully in the ſmall Space taken up 
by the Machine; the ſame Thing bring . 
done with three Wheels and two Pinions, 
as would have e 106 eu 58 | 
8 W ae A 1 55 . 
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gs 1 * Velocity of the We tolls : > 
wie that of the Power in a Proportion 


K of the Proportion of the 
Kadius of the uppermoſt Axle, to that of 
the Wheel A, into that of the Pinion B 


to the Wheel C, multiply*d-into that of 
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zer to puſh a rolling 
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the Priſm EA DC, and let the Hy? 
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E AD C of. that Priſm. Let the 
Weight F be rolling down che Side AGE: 
and from the Centre of the Weight, let 

there paſs a String F G paralleli/to ..A' C. | 
: faſtened to the Arm G H of the Ballance 1 
6H. Then che Force with Wwhick 
the Weight, by Means of this String 8 
pulls that Arm of the Ballance, will be 
equal to the Force with which it tends 
tadeſcend along the Line A C. Let the 
ſame, or an equal Weight be ſuppoſed 
to hang at P in a perpendicular Situation. 

Then by what was ſhew'd, p. 28, 29, the 
Force with which the Arm G Hi is pul- 
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F to G, it Would have the 


at all es the Weight. For the Weignt 
from A to C, moves in a Di- 
rection parallel to the Line AB, deſcri- 
bing with its Centre the Line F G. If 

Power was applied therefore from 
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poſſible, either to ſuſtain it, or to retard 
its Motion beczuſe as has been —— 
before, a Force applied to a Body in the 
Line of Direction in . it moves, 
will have the greateſt Effect poſſible up 

on it. And on the contrary, if the 1 
Power were applied, the contrary 1 
from G to F, it would accelerate its 
Motion downwards the moſt that is 
poſſible. Therefore ſince the Power ap- 
plied in one Direction drives the Weight 


up, and applied in the other Direction, 


drives it down; it follows, that in the 
intermediate Direction, which is DE, 
it * -nelcher- drive: it roy nor down ; b 
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N Tas Fogg applied in a DireQion. 
: 1 H E, being ſuppoſed equal to the Force 
applied. at E in the Direction F G, let 
the Line HE be made equal to. FE. 
Draw HK perpendicular to D E, cut- 


ting D E in K. Then will the Force 


H E be reſolved into two Forces, HK 
and K E. The Force K E being per- 
; pendicular to the Plane, or which is the 
ſame thing to F G, will by what was juſt 


now ſhewn, have no Effect at all. The 


Force H K being parallel to the Plane, 
or to F G, ſupports the Weight; and | 
by what bas been ſhewn before, the 
Force H K is to the Force H E, as the 
Line HK is to the Line HE or F E. 
But HK. is to H E, as the Sine Com- 
plement of the Angle K H E, or which 
is the ſame, of the Angle H E E, to Ra- 


dins. Now the Angle HE F is the An- 
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is to. find | A. | general 1 


t Part of the Weight 


|| © Svrrosr then-a Plane DE at right 
1 AC to be ſet before the 
Weight, and to N it from rolling 
downwards. The Preſſure of the Weight 
ä upon the Plane DE, will be as the Force 
with which it tends to deſcend. Now 
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A C to Radius. But ſince the Plane | 
DE ſuſtains only a Preſſure of that Part 
i of the Weight Zech is in that Prop. por- 
tion to the Whole 75. it follows, tliat * 
| Remainder muſt b 


5 ſuſtained by the o- 
ther Plane A C or AD. Therefore ſince 


the whole Weight is as Radius, and that 
Part of it which pr elſes upon the Plane 


DE, as the Sine of the Angle of Incli- 


nation of the Plane A C, it follows, 
that the Remainder of the Weight preſ- 
ing upon the Plane DA, will be as the 
Sine of the Compliment to 900 of that 
Angle. For if the Plane D A were ta- 
ken away, and the Weight were to be 
ſuſtained by a Power applied in the Di- 
rection V F parallel to DE, that Power 
would be as the Preſſure. of the Weight 
upon D A. But that Power would be, 
by what was ſhewn before, as the Sine 
of the Angle EH C, which is equal to 
the Complement to go of the An- 


gle of Inclination DC B or AC B. 
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dies B and A move along the right Lines 
BE and AE with equal Velocities, and 
et it be required to aſſign the different 
Quantity of Fercuſſion of each of them 
upon the Arm of the Ballance EC D. 
From any Point of A E as E, let fall a 

Perpendicular - then will the Force 
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5 AE; Whervof EH: ng parallel 
E Ch has no Effect at all, Bop HE be- 
ning perpendicular thereto, has the @me | 
3 3 the oblique Force E Ei here- , 
t has been ſhewii before; as 
HE to the Line F B, ſb is the 
Effect of the oblique Force to chat of 
the perpendicular Force. But moreover 
as H E to FE, fois the Sine of the 
5 3 H F E to Radius. But the Angle 
HF E is equal to the Angle FE C, 
which is called the Angle of —— , 
Therefore, as HE to FE, foi is the Sine 
of the Angle of Incidence to Radius. 
Baut the Effect of the oblique Force, is 
to that of the Perpendicular, as H E to 
FEE; therefore, as the Sine of the Angle 
of Incidence to Radius. Hence we ga- 
ther univerſally, that the Force of Per- 
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cm Angle of Inclination, ſo that 115 8 
Weight may be to the Power, as Radius ol 
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B. But then on the other E 


other, which enters with more Difficul- 
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a leſs Effect, but meets with 155 


eradly in all Caſes, tlie Proportion of 
the Effect to the Reſiſtance, we n 


conſider it in thef orig Manner. 
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. 3 


in 3 in the Wedge, is as c 4; there- 


fore, alſo, as CD, That Part of: the 
Force which is B is as 4 4, en 


- . dies gs 5 peas 54 
x x | 

Hz NCR: we "pogchade mag 
that the Reſiftance made to the Wedge, 
is as half its Breadth, which is AD; 


I 


and the Force which drives it in, isas e 


perpendicular Height, which is in the 
preſent Caſe C D. And this is the exact 


ee 3 Which tho i be natural 2 
5 my _nough 


ww 


*** 


ards in any Part of the Wedge, | 


D. But the Force which: i is effectual 


* ” be * 
. PALS. 1 7 : * * 3 
m4 3.0 N 7 * - 
3 A * 4 < 
4 
rr 1 
Ps. 
* — . 
Wears. 1 n 
* „ 


2 4 , * 8 : * 8 4 TO be. 


4 


B 3 * to imagine, "babe: <1 
1 een aye it is more ſatisfactory to ſes 


; — 4 4 ” 
. by E 2 a. . r * l N : #3 * 5 x 
} * 5 95 3 % 2 12323 4 1 % 
5 e „ o 32-184 $3.4 44 
4 H | 22 * - N 
5 * _ * 0 - 
8 * 9 * * 1 OY * Rn 
* 1 x x * n 
7 , on th 2 eh a N 3 1 "Ms fa NE 
5 18 2 x 3 r = — 3 Oy | * * ** E : E $ 8 Fo 15 * 
— wut „ Fi 1 LY Ry r * 


3 "I is N 80d that the Wedge is 
* r two inclined Planes joined together 
at the Baſe, in which the upper Parts of 
the Bodies e and F repreſent the Weights; 
A C and B C the inclined Planes, upon 
1 which the Weight aſcends ; the Force 
which drives in the Wedge, anſwers to | 
the Power ſuſtaining or moving the 
4 Weights, and the Reſiſtance Which the 
two Bodies make to the Entrance of the 
Wedge, anſwers to the Heavineſs of the 
55 5 hn: cog 3 55 2 1 4 e ie 
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Tig 5 is the Property of the Wedge; 

| but in Practice, there is fo ſeldom Occa- 
ſion for an exact Computation of the 
Force of the Wedge, and ſo many Hin- 
drances to its Operation, by Reaſon of 
the great Friction in this Inſtrument, as 
makes a Geometrical Enquiry into the 
Mature of it, a Matter of 29 86 ra. 
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5 5 ono common \ Uſe. oY 
Ren by cutting ut 


| 2a right-angled a Piece of | 


Paper, and folding it round a ſlender 

Stick. One may ſee, that in that Caſe, „ 
the Baſe of the Triangle will x go rung 
round the Bottom of the Stick, o 
in more Mathematical Terms, I 
e Baſe of the Cylinder; the Ferpendi- 4 
ar will remain unaltered, and the Hy- 1 
pothene e, which is the inclined The. 03 
Will form it ſelf into a ſpiral Figure 5 
the Threads of 
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Circumfefenes of tlie Screw, anſwers to 
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Fhere- 


Tas RX ETOoRE, | by the Help of the 


Sec one may ſuſtain the gr eateſt i * 


inable Weight, with the leaſt imagi 
ble Power, by increaſing. the Circu 

fende of the Screw, ſo that it may 

_the EN Height 2s the 

the LOWEr. 
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= 1 W ays, by 'increaſ; 
ing "he Dame the Cylin Mo rounc 
which the Screw winds; and by increaf- 
ing the Number of the Threads. By 
chess Means one might "produce 
chine able to raiſe vaſt Weights 
mall Power, which! ſhould rake 
iy | Room. en dne 
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v4 Tax 8 is true in Speci 
Practice the Screw is ſeldor 


its, for this Reaſon amongſt 9 
khers, that! it is very fubje&to C 
Cauſe all tlie moving Parts of the Machine 
are contiguous. One Convenience j R 
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the reſt; which, is, that In raiſing 


Weights with the other Powers, SY - > 
1 2 as Toon as the Weight is once 


applied o it; otherwise if the Power „ 
 remits its Action before the Weight ay - 2 
TE _ bt 4 hing elſe to Kiſtain __ Ls, 
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Swiktneſs. But the | Screw will give 
Leave to the Power to remit its Acti- 
on if 3 hould | without that 7 
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grant t For orce is neil l with a 
5 and the Length of that Lever 
muſt be conſidered, together with the 
- Force of the Screw alone. The Effect 
af the Screw alone, will be to its Ef. 
fe& when impell'd by a Lever, as the Se- 
mi- diameter of the Cylinder, round 
which the Screw winds it ſelf, to — 
Length of the Lever. This muſt be ſo 
plain to thoſe that have underſtood what 


to prove it 
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Wa an the Screws applied to raiſing 
| Weights, it is generally joined to the 
Wheel or Axis in 7 Pamerochio, from 
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hue PEO ee to 65 bound! in a a Tack, 
an Inſtrument that falls under every ones 
: Obſervation, it will be better known by 
_ conſidering it in the Life, than by any 
Picture. The Nature of it is this. T he 
Screw winds round a Spindle, at the up- 
per Part of which is a Winch to turn 
the Screw round with. In common 


Jacks uſed for dreſſing Meat, there is 


added a Fly at top of the Spindle, to 
keep the Motion even and regular. The 
Threads of the Screw are ſo contrived, 


as in their Revolution to fall in Weceen | 
1 the Teeth of the Wheel. The Teeth of 
N no 22152 and the T hreads of the Screw 
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being made alittle inclined to eath o- 
ther, it comes to paſs, that each Tooth 
of the Wheel impelled by the Screw, 
aſcends gradually along the Thread 
which acts upon it, till by revolving a 
little way, it will be out of the Reach of 
its Action. In the mean time, another 


Frs 


; Tooth of the Wbeel wall meet. another 


Thread of/the fame Screw, and be impel- 
led and revolve in the like manner. And 
ſo for ever, which gives this Engine the 


| Name of the prepeinal or endleſs eu. : 
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IN this Engine oy Things deſervs | 


Obſervations . . Each Teoth of the 


Wheel acted upon by a Thread of the 
Screw: aſcends along Ry Thread like a 
Weight upon an inclined Plane. There- 
fore the Power that ſupports a great 
Weight by Means of the Wheel only, 
is to a Power ſuſtaining the ſame Weight, 
with the additional Help of the- Serew, 
as the entire Weight. of any Body is to 
the Power that ſupports that Body by 
the Help of an inelined Plane. Now 
: this er is e leſs than the entire 
9 5 . > 
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ſiüuſtaĩn a Weight by means ode 5 
aaqjoined, than by the Wheel only. 'The 
Queſtion then is, to knew The en Pro. = 
portion of theſe. two Powers. And from | 
What has been aid, the Anſwer will be 
the ſame as in the ordinary Screw. v. 
As the Circumſerence of the Screw; to its 4 
f perpendicular Height; ſo is the Power 1 
that ſuſtainsthe-fameWeight without te 
Help of the eee other Ponte. 3 
e PE ho 5 1. cen . 210 pg LY | 
| "Goren, This, Sore, of . crew; being 
generally turned round; like the ordind- - 
ry Screw, by means of a Lever, in fome | | 
Form or other, the Length of that Le-. 
ver muſt be taken into Conſideration al- ] 
ſo, when we would compute the Effect 
of this Machine; and the Wil ian 
ill bet fame as that above. 


22 T lis Screw wants one 65 
hoon venience, which the other has; the or- 
dinary Screw giving Leave to che Power 
Go remits it its nee l Danger of 

e e ; the 
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Wheel perpendicular thereto, which 
Change of the Direction of the Revolu- 
at Uſe, upon ſeveral 


== to them; whereas (as I, 
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jen nary an demonſtrated the 
Properties of the Mechanical Powers, 
and ſhewn the ſeveral Qualities of each 
of them. I propoſe at rags to make 
0 Obſervations on 2 
thought more pro 
n any other. 
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1. I would take Notice. of an impro- : 


0 I th e "Mechanical Proere. 
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der. This 5s to be underſtood, e | 7 
euer, only of the Lever, the Pully, and 

the Wheel; the incl Plane depend- 
5 ing upon Principles ſomewhat Per inn 
To explain this 2 little. Suppoſe a 
Stege ly ing upon the Ground of 300 lib. . 
1 "Magus, and a Man taking hold- 


* 


_ on each Side, endeavouring t to lift it, . | 
1 1 Pere to 3 a Force to it 300 lib. 
Then tis plain, that the Stone would | 
tim remain unmov'd; for the Force of 
Gravity puſhes the Stone downwards, 
=_ . as much as the Man's Foree pulls 13 
it upwards. Therefore it can't riſe, | 
1 But ir way then be ſaid, that if the Man 
3 ſhould apply to it a Force, never ſo ſmall | 
DR þ a Matter greater than 300 lib. as fo 
=: | Domes. =:301 lib. hn in that Caſe - 
it mult needs riſe; it being pulled up- 
Wards withmore Forde than tis puſh'd | 
© downwards" by its own Weight. - co | 
uo doubt if this Force were applied to it 
1 : continually, - it certainly would; but 
wm cant be done for this Reaſon; that 

EF,  _ whenaManis liſting a Weight in that 

_ Manner from the Ground, he applies ö 
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eight is raiſed to the ame 
£1 Ground Wi : 


Thighs, which by e 
U han W. it to pwnd] 
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fiſt was ates to x lib. is is now / equal 
but to 261 lib. Which being x 
qual to 300 lib. which is the 
the Stone, can neither raiſe it higher, 


nor ſupport it at that pen g ws 
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Burr if we apres chis reighe: 
15. faſten'd to one Arm of an equal Bal- 
Ace, or Lever, and a Man preſſing upon 
the other Arm, with a Force equal to 
301 lib. then the Weight may be ra 
oy that Force as high as the Length 
the Arms of the Ballance or Lever will 
permit. For the Action of the Muſcles 
in ſuch a Preſſure, is very nearly ſimilar, 
and alike to it ſelf, the fame Muſcles a&- 
ing all along with much the ſame Force, 


- 


| {4 in much the fame Manner. 


8 o alſo if we e ſuppoſe 4 Rope faſten'd 

8 one End to the Stone, and the other 
End thrown over a Pully, and taken 
hold of by a Man. If this Man pulling 
tlie Rope, applies to it at firſt a Force 
= ot lib. he will be able to draw the 
Veight up as high as the . of the 
1215 e rg 2 ully 
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5 5 Pully will give. him leave. For i in the 
Action of pulling a Rope downwards, in 


- like manner as in the Action of puſhing” 


one Arm of a Lever, the fame Muſcles 


3 7, act all along with the ſame Force applied 


in the ſame Manner. The Wheel being 
e, s turn'd either with a Rope like 
the Pully, or by Preſſure like the com- 
mon Lever, what was ſaid concerning | 
thoſe two Powers, * be e to 


vir Power . id. pes 


x0 1 x is indeed 752 this 1 1 
chat theſe Machines are generally useful 
in Practice; ; not ſo much, that they en- 
0 0 us to move a great Weight with a 


| ſmall Power, as becauſe. they give room 
for the Application of a Power to, the 
Weight, which without them could not 
be applied at all, or at leaſt nothing „ 
ſo conveniently; for in Practice, there i 1 
generally not ſo much a want of Hands, ES 
as of Convenience for applying them all. 
To explain my ſelf by an Example. 
5 pools a Cube of Marble, whoſe: Side 
. 5 2 N or 10 5 in more vulgar 
WEE L3 2 15 PE Tens, N 
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Weight = 2 1296 lib. Let it be i 
© falſe del a stone iir ect., 


1 one Without a 
 - if he” Side being only two” dot, there 


3 would not he room for more than one 
Man. 1 05 That each of theſe NM 


equal, 
for thereto, 
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Kee 85095 K 0 er 00 withs RK add — 
$i, Rope thrown over a Pully, then it is 
5 eaſy to ſee how there may be Force - 
naough applied to raiſe it, Fo a ſufficient X 
Number of Men preſſing upon the Le- 
vers, or pulling the Rope of the Pully, 
who will alſo, as was ſhewn before, ap- 
2 their ae in . 0 nn 5 


5 UT. theſe Machines on 3 : 
vs more important; which is, that we 
£ may by the Help of them, apply a Power 

= 3 a Weight, in ſuch a Manner, as to 
El. make. the Velocities of the Power and 

the Weight, reciprocally proportional to 

their ſeveral Quantities; - by which 


former Heads, a ſmall Power may be 
made to ſupport, and to raiſe a large 

Weight, which is a very wonderful and 
important Effect. This was ſhewn 
largely and particularly before, and 
therefore I need not repeat it here; but 


Properties of "009 ſeveral EMaghios der 
_ monitrate, 5 


4 & L” S., 
& © * * 


Means, as I ſhew'd at large under the 


rather make this Obſervation, how! "the 
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"as, a poſteriori, that great 3a 
uſeful Truth, which I prov'd at firſt u- 
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nipyerſally 2 priori, to wit, that in all 


Bodies Lie the Momenta are equal, 


when the ReQangles of the Velocities 
ang BB ror go A THE each other, are "ns : 


* 8 x 1 : 
8 . 4 4 
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* WY ND t are . Bounds in u inch . 
8 hath thought proper to con- 5 


fine the Abilities of mortal Men; ſo 


that tho? by the Help of Machines, we. 


ean indeed 1 make the ſmalleſt Power ima- 


7 equal, or ſuperior to the great 


eſt imaginable Weight or Reſiſtance, yet 
ſtill by how much the Weight exceeds 


the Power, ſo much the more ſiowly will 
it move. We may by the Application of 


Machines lift a Weight of 1000000 lib. 


with a Power of one Pound only; but 
then the Weight will move 1000000. - 
times ſlower ; in which Caſe, the Power 
muſt go over a Space of near 200 Miles, 
before it can raiſe the Weight 12 Inches 
„ It was a Saying of 3 | 


That 1 be could have. Place to, 
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: won othe s) of ſuch an 


Earth ; and fo without doubt 

1 0 aten But one Inconveni 
Attempt, would 
be this (it is indeed a very great — 
that an En gine framed for that Purpoſe, 
would operate ſo very ſlowly, that not 
only Archimedes, but the Earth it ſelf, 
would come to an End, before the tec 
would be in the leaſt ſenſibleQ. 


4. 1 T is no improbable Opinion, that 


it was this Property of Convenience 
Application, that firſt gave Riſe to te 
Invention of theſe Machines; and not a. 
uy NOS Tag: one might make a 


Man — ere our col cal [ oy 


Machines had occaſion to raiſe a heavy | : 


ing, before him on the Ground, it 

— natural for him to apply a Bar 
l Wood or Iron to it, rather 2 his 
on Fingers, becauſe of the Danger 
| would be of hurting them. And 
en he had got che Stone upon his Le 
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N ll nearer to the WC 
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ike it, 725 e Bieth 1 
| Power, 13 
Pards more nicely taken into C — 
ration by the Mathematicians, was found . 
able to Geometri Reafoning | me -*- 
. Calculation, and to have thoſe „„ 
| 75 to make 
. 5 at the 
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as ſmooth as poſlible, 


. 156. Tz the Mechanical 7 Power. | 


1 Now the Queſtion was, how they ſhould 

get them up there? To carry them u 
Ladders upon Mens Shoulders, Was 4 
_ ways inconvenient and dangerous, an 
c.ſ ſtentimes impoſſible. The Lever, 3 | 


was probably one of the firſt invented of 


theſe Machines, would be, as is ſhew'd 
before, of no - Uſe upon this Occaſion 
Jo let down Ropes from the Place de- 
ſign'd, and to pull up the Stones 7 


Force of Arms only, was dangerous in * "of 


” Caſts, Ca in fear impoſſible to be dane. ; 


To HE i Beſt Thing probably, that . b 


thought of, was to throw one End of 


the Rope over a Beam, 
down, in order to be faſten'd to the 


Stone that was to be raiſed ; the other N 55 


and to let it 


End hanging down on the other Side 3. 
in Which Caſe four or five Men might 
pull the Rope, which could not be done 
Without ſuch a Convenience. This 
t neceſſary, 2. To round off all the 
"i: of Lat Part of the Beam over 
which the Rope went; and to make it 
becẽ uſe all Corners | 
. and 
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" Roughneſs ther "2 would- cut. * 
fret the Rope. But when all this was 
done, there would be a great quantity 
of Friction, or Rubbing of the Rope a- 
gainſt the Wood, in the overcoming 
Which, a great Part of the Strength em- 
ployed to raiſe the Weight would be 
conſum' d and render d uſeleſs. In order 
therefore to leſſen this Friction, which _ 
ſpent ſo much Force in vain, the Pully 
was thought of, which giving Way con- 
 inwally to the Action of the Rope, by 
Reaſon of its turning about its Axis, ve- 
ry much leſſens that Friction. For the 
Action of turning round upon its Axis 
has no Effect confider'd' by it ſelf; for if 
it were poſſible to make the Rope „ 
_ freely round it, without that Revoluti- 6 
on, the Effect would be the ſame as if te 
Pully turn'd; round. But that being 
phyſically: impoſſible, it was neceſſary,, . Þ 

that the Pully ſhould turn round upon 
its Axis, becauſe the Rope will net 

ſlide fo freely otherwiſe. After one Pul. 

_ ly had been invented, it was natural to 

e he Kaperiment of feveral iche. nn 
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hought ſo natural anc obvious, 
ble, it Was firſt put in 


as ſoon as 8 other. For as we ſee eve- 


hts puſh'd' or drawn 
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ht proper. If the Stories ar e 
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the "Europeans - Ot bang er 
1. it is ſcarce to be qu eſtion'd; but 
that they were perform'd r the Help of 


this Power, all the others requiring in 
Practice the uſe of Iron, an thoſs | 
| Om” were OOO: to. Wr 3 803 
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. "I 4 Wedgpis * 1 7 T bought, 


| - 750 probably 1000 Perſons have inven= 
: ted and made uſe wh it ee aan 


ing what n 1 


4 Tx HO the e &f Appli- 


cation of Force, be probably the Cauſe 
of the Invention of theſe Powers, yet it 


is by no Means the chief Advantage „ 


them. For tho in ſmall Weights, the 
Conſideration of the Inequality 


of the 
Power to the Weight, be of no great” 


5 Regard; yet in vaſt and enormous ones, 


it is of very much Conſequence. When 


only ſmall Weights are to be raiſed; that 


is, ſuch as the Strength of ſix or faves 
Ment is equal to; it is no difficult Mat- 
ter 90 the Help of n. Machines, to 
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2 apply the Strength of fix or ſeven Men, 
odr even of more to the Weight. Now 
in this Caſe, the Power and the Weight 

being about equal, there is no Occaſion | | 


to examine the exact Quantity of either; 


for if it ſhould be found upon Trial, that 
the Hands employ'd: are not ſufficient to 


raiſe the Weight, tis an eaſy Matter to 

employ. one, or two, or three Hands 
more, which we are ſure, before-hand, 
without any exact Calculation, will be „ 


more than ſufficient, only from a tranſi- 
ent View, and Conſideration of the Big- 


neſs of the Weight. In a Word, Expe- 5 
rience and Dexterity is of more Uſe in 
theſe Caſes of ſmall Weights, than a Ma- 


| : themarical and ſpeculative Knowledge of 


the Properties of the ſeveral Powers; 
and a good Workman will be more ſer- 


I: . a enen Geometrician. . 


. 46 as it Satan tos; it 
1 found neceſſary either for Strength, 
Beauty, or Magnificen 


I f ” 5 / S 5 
\ 


ds to remove : 55 
Stones or other Bodies of prodigious 
was then "ROO: the vaſt mas ks 


* » 3 8 1 


2 and — Effects of ches 


Powers, and the Neceſfity of a: ſpecula- 
tive Knowledge of them. The Advan- 


tage of them appears herein, that in vaſt 


Weiglits it is Impoſſible to apply a Pow- 
er equal to them, which may” be gene- 


; rally done in ſmall ones. Now if i it be 


impoſſible to apply a Power equal to the 


Weight, either ſome way muſt be found 


to make a {mall Power equivalent to a 


of them, one may make a ſmall Power e-. 


quivalent to a great Weight, and by that 


Means lift or remove Bodies, which 
0 without. wg r Aſſiſtance. ith not "be 


1 in en to i eins 


which ſhall remove a vaſt Weight with 


a Power much leſs, a previous Calcula- 
tion is abſolutely neceſſary. The firſt 


* hing to be done, is to find out either 8 
exactly, or pretty nearly the G Quantity of 


\ W eight, which is not ſo neceſſary, 
; M f 55 . 


| t Weight, or it can't be removd at 
þ all. i Therefore the Uſe of theſe Ma- 
_ chines is very great, becauſe by the Help 
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| where the Power and Weight are neater 


do Eq ality. * N be as * ä 


ad, the next 


in Bee 
that by reaſon ſome 
various to be particula 
count for, one could not apply to ir 
more than the Force of 100 Men. 
is, how by the Princi 
efore. laid down, and by. the 
ie deſcribed and explained, one ral 


be able to perform what is required, and 


MWeight of 
2 Book, of this. Stone, 
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then to 0 done, as 
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__ eubic 
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as we. may for Calculation fake, ir wil 
be found, that a cuhical Inch will weigh 
about 6 OE. . Let it be ſuppoſed: fo. 
From. thence it will follow, that a cub» 
cal Foot containing 1728 cubical Inches, 
Will be in Weight'=6 OE. + mulciply*d | 
by 1728, that is to 11232 Ounces, 
that is to 702 Pounds, the Weight of a 
cubical Foot. This being found out, the 
next Thing is to find how many of theſe 
1 Feet, that is how. many times 
ene, Nr. contained in the whole 
Stone. No to find how many cubical | 
Feet” are contained in the whole, we 
muſt multiply, as every one knows, the 
Hleight, Breadth, and Thickneſs into | 
each other; chat is, 18 Foot into 71 
which makes 126, and that again into 4 
which makes 504, the Number of cubi- 
cal Feet in mahl a Stone. If therefore 
one of thefe cubical Feet weiglis 702 
Pounds, the Wei Ent of the whole will 
be = o x 304, that is = 353808 


Pounds. Let us take a round N umber, 


and-fuppoſe the Weight e als 
| rot | Ne wt | I 
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it was ſuppoſed, that we! had: poly _ 
Strength of 100 Men to employ. Let 
the Strength of thoſe Men be ſuppoſed 
ſeverally equal to 200 Pounds each. Mul- 
tiply that Number into 100, and thePro- 
duct will be 20000, the Sum of all theſe 
Mens Strength. So that here is given a 
Weight =/3600co Pounds, to be raiſed 
by Means of a Power equal only to 
20c00. Let us now. conſider of the ſe. 
Veral Ways by which this Weight may 
be raiſed by this Power, and endeavour 
to find, which of them wall be the moſt 
| ny and practicable-. A 


8 HE | firſt thing e is to ind | 
the, Proportion of the Weight to the 
Power; which is done by dividing the 
greater by the. le, that is 360 
Pounds, the Quantity of the Weight, by 
20000, the Quantity of the Power, the 
Quotient whereof is 18; Which ſhe ws, 1 


that 2 Power Is to the Fe. as one | 
to 18. N | | 
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tk i H 1 is: _ firſt e * it a 
bo it to our Conſideration. .. It was ſnewn 


in the Diſcourſe. upon that Power, that 
if the Length of. that Arm of the Lever, 


which is next to the Power, be to the 
Length of that next the Weight, as the 
Quantity of the Weight to the Quantitʒ 
of the Power, that is in reciprocal Propor- 
tion; that then the Power would ſupport 
the Weight; or if it were yet longer, i it 
would not only ſupport, but raiſe it. 
Therefore to apply that Theorem to the 
preſent Caſe, it may be ſaid, that if a 
Lever be made, and its Length be divi. 
ded in ſuch fort, as that the Diſtance 
from the Prop to the Weight be equal to 
one, and from the Prop to the Power be 
equal to 19, that then this Power of 


20000 Pounds applied to it, would raiſe 


the Stone. But the Impoſſibility of do- 

ing any thing with that Machine appears 

at firſt Sight. For ſuch a Lever as Will 

make a. Power =1, equivalent to a 
N Weight = = =18, muſt be at leaſt 57 Foot 
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5 . non rf acer can . a Piers Sf E 
Timber or Iron be found of ſufficient . 


Strength to endure ſuch a pi 


digious 


Bearing, as it muſt have at the greateſt 
Diſtance from the Fulciment ? How can 


it be ballanced upon the Fulciment ?- or 
ſuppoſing it might be done, it muſt coſt 
as much Trouble to do that, as to re- 


move the Weight. Beſides one Lever a- 
lone would not do, and how could more 
be applied to it, to co-operate exactly 

With the other! 2. But it is needleſs to 


ſpend Words in a plain Caſe. The 


| fore the Lever: muſt be laid alide a ule = 
oy 5 the preſear: Occaſion.” $ „ 


Tur Pully comes next in orde 


dier Conſideration. And this pcvmiſes 
| better than the Lever. It was ſhewn be · 
fore, that a Weight ſupported by the 
5 Help of Pullies, will be tothe Power, as 
the Number of Strings applied to the 


lower Pullies, is to Unity. from 


this Principle, it is eaſy enough to deter · 
mine, how to raiſe this Stone by the 
* of this _ For by that Prin- 


eile 


_ if: we i 1 ackles — to "the 7 
_ Weight, conſiſting of 9 lower and 9 3 
per Pullies, it will follow, that the 
Weight may be ſupported with thoſ 
Pullies by a Power that is to it, as one 
to 18. For the Power that ſuſtains the 
Weight, is to the Weight, as onè to the 
Number of Strings applied to the lower 
Pullies, that is in his Caſe as one to 18, 
there being 18 Strings applied to 9 pul- 
lies; that is, one on each Side. But tlie 
- -whole Weight was ſhewn to be the 
whole Force applied to it, as one to 18. 
Therefore if we ſuppoſey ten ſuch Tac- 
kles . ee to ſuch a Stone, and that ten 
Men be apply'd to each of them, it 
64 follows, that the Stone Will e adted 
1 upon by a Power ſuffieient to ſuſtain 
it. For then each Man's Force ſo _ 
Wiõill be equivalent to 18 times the 
tity in the Weight; that is every 
Force being by our Suppoſition 2 100 | 
U. that 200 lib. will ſupport 18 times 
as much in tlie Weight; that is, 3600 
Ui. which will be the Quantity of the - 
8 W 228 __— by one Man. Now if 


| we 


I . 


* 


we e e os Ib. 3 1 
Weight ſupported by one Man, by 100, 
the N en, of all the Men, the Froduęt 

will das 3600. the Ps n the: en 
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"Power that moves, or raiſes a Weight, 
muſt be greater than that which ſuſtains 
it; for which Reaſon we muſt increaſe | 
Fill morę the Effect of the Power in 
do tder to do that which is required. Now, 
if we ſuppoſe only one lower and upper 
Pully, added to each of the Tackles, ſo 
as to make Ten upper and lower Pullies, 
inſtead of Nine, the N umber before; . 
we ſhall increaſe the Effect of the PO W- 
er a tenth Part, which will be abundant- 
* ſufficient for che Purpoſe deſigned. L 


"_ H. E » Wheel, | 75 a diative: 6 in 
my Diſcourſe upon it, is of two Kinds, 
Simple and Compound. The Simple 
comes under two eee, Forms, the” 
1 Crane and the Capſton. In the Cranes 
= FR Bar ng pe out of Wells 5 
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0 very one muſt have obſerv d the Wheel, ö 
within which a Man continually Walk 3 
ing cauſes it to turn round. Through the 
Centre of that Wheel there paſſęs a 
Beam, round which a Rope winding it 
ſelf, at one End, cauſes the Weight faſ- 
ten'd to it at the other End to aſcend; 


till ſuch a time as it is raiſed to the de- 


ſigned Height; and then by pulling the 
Crane round, it is brought aſhore. Now 
this Wheel is the very fame thing with 
that which J then deſcribed, and called 
the Simple Wheel; and I there ſhewed, 
that a Weight ſupported by that Ma- 
chine, would be to the Power ſupport. 
ing it, as the Radius of the Wheel to 
the Radius of the deere round en the | 
NY Tags. 


| Bo this 9 1 bi of little 
Service i in the preſent Caſe, for this Rea- 
ſon amongſt others, that only one or 
two Men can work within each of 6 
them, and how to make, or manage, or 
- e ſuch. RIO as wu! be =. 


RN 


Holly for 100 Men, 5 is not ably © con- 
een Ta 2+ ed 15 3 |; 


"es; Capſton AS hs; come. dilate 
1 Properties of the Crane, and differs 
in two or three circumſtantial Points on- 
. It is commonly known, that it con- 
ſiſts of a ſtrong Beam. ſet upright, and 
ſo faſten'd at Top and Bottom, as to be 
capable of turning round, when impelfd 
by an outer Force. From this Beam 
there iſſue f forth ſtrong wooden Bars like 

the Spokes of a Wheel; as many in 
Number as the Thickneſs of the middle 
Beam will allow ; under theſe Bars is 
Vvound a ſtrong Rope or Cable, faſten d 
to the Beam at one End and at the o- 
ther End to the Weight. Then the Bars 
| being puſh'd round, and making the 
upright Beam to turn round with them, 
the Rope winds it ſelf round the Beam 
or Spindle; as it is ſometimes calbd, and 
by that Means pulls up the Weight, 
Now this Machine only differs from the 
Crane ihithis, that tlie Axis is here per.. 
7 nana to the 8 vg winch be- 
fore 


1 5 


"OE „ 


* was S ir; and the Plane of 
the Wheel is horizontal, which in the 
other Caſe was perpendicular. And here 
alſo the fame Proportion holds, that as 
the Radius of % Wheel, that is, in 
this Caſe, half the Thickneſs of the 
1 Spindle added to the Length of the Bar, 
is to the Radius of the Axle, that is to 
half the Thickneſs of the Spindle alone; 
ſo isa Weight ſupported by a Man apply- 
ing his Strength at the End of one of 
the Bars, to the Quantity of the Power 
by which he ſupports it. Now let us 
ſee whether with this Machine one may 


not be able to remove and raiſe 21 : 


Weir in N 


Ls T 10 Capſtons be W to > be 
placed round the Stone, and for eaſe 
of Calculation, let us ſuppoſe each 
Capſton to have ten Bars, to each of 


-which Bars a Man applies his Strength. 3 


Let half the Thickneſs of the Spindle, 
that is, the Radius of the Axle be 6 


| "008 * T his added to half the Thickneſs 


08" 
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Inches; and let each Bar be 5 Foot - 


\ 


| will be as 6 to 72, that is, as 1 to 13 
" jos the Quantity of a Man's Strength : 


— . 5 


122 2 = Weber e 5 


of the Spindle, 8 6 Foot, 7 is 5 
what in theſe Caſes is the Radius of the 


Wheel, as was aid before. Then it e 


to the Weight he is able to ſupport. by 

done Bar of this Machine. Therefore, as 
1 to 12, ſo is 200 lib. to the Weight each 
Man ſultains, that 1 is, to 2400 lib. Now 
this multiply'd_ into 100, produces only 

240000 lih. which is much leſs than the 


Weight of the Stone. Therefore with Do 


this Machine alone ſo applied, the Stone 
cannot be raiſed.. he beſt and moſt e. 
y Remedy for this DefeQ, is to make 
the Rope of each Capſton be faſten'd to 
a double Pully; by which Means the Ef . 


fect of each Man's Strength will be dou- 


ble to what it was before, that is = 
4300 lib. which multiply d into 100, 
gives 4800co lib. the Weight which _ 

theſe Mens Strength, by the Help of this 

Machine, is able to ſuſtain. Now if their 

8 Strength be able to ſuſtain 480000 lib- 


it will be much more, than MPO. to 1 


22'S, 54 : 
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. raiſe only 360 %. 
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Ir was 5 by t the: Help p lat cba 
Cariftons, that Domenico Fontans an 1 
ftallait Architect removed the great 'Obe- 
lisk in the Centre of the Portico before 
St. Peter's Church at Rome; whoſe 
Wa is ee near 1 000000 > Pounds. 
10 HE, -Componad Wheel « may . | 

5 By”. of alſo in this Caſe, with great Con- 
venience. If we ſuppoſe a Wheel, whoſe 
Diameter is as 6 to have a Piriion at the 
other End of the Axle, whoſe Diameter 
is as 1 and that Pinion to impel a 
Wheel, whoſe Diameter. is to that of ws 
Axle, as 3 to one; then by what was 


|  ſhewn before, if a Rope were to be 


thrown over the firſt Wheel, and pull d 
by a Man, his Force would be ap ure, 5 
lent to 18 times the Quantity e 

Weight; and therefore if we ſhould 0 up- 

poſe ten ſuch Machines applied to the 

Weight in Queſtion, and ten Men work 
ing at each of them, it will follow, that 

the Weight will be acted upon with a 

: nee run to ſuſtain it. Dus: fince a 
4 5 Force 
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is. 3 => == Is. 5 e * | 
which raiſes, it follows, that by-increaſ- 
ing either of theſe two Proportions, there 
will be rebel, a Machine ſofficient 


> . ; FEAR ons 5 — 9 85 n ng ; 
THe inclined Plane will not be ſocon- 


venient as the three Machines before men- 
tioned, upon theſe Accounts. 1. Becauſe, 


theſe three Methods are equally prac᷑tica · 
ble, whether the Weight be to be raiſed 
to a great or ſmall Height, whereas 

the inclined Plane cannot be'made'uſe of 
at a great Height. 2. Becauſe, in order 
to fit ſuch a Stone for being drawn'up 
785 inclined Plane, it muſf be incloſed 

in ſome proper Contrivance to enable it 
to roll upwards; which its on natural 
Figure will ſeldom allow. Now this 
Contrivance, of whatever Kind, will be 

a great additional Weight, and _ 
17 the Uſe 1 it is e by avoided. | 


34 


Tix Wedge 18 not t lech fo 4. raiſe : 


| ing of Weights ; 3 and tho? the Serew 


| e 8 
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”  mightt be ſerviceable upon ſome Occafi- 
ons, yet at preſent it will be of no Help 


at all by it ſelf; tho? under the Form of 


a perpetual Screi;: it may be applied to 
the Wheel or Axis in Peritrochio: witi 
good Advantage, as was e in che 
Diſcou rſe * the Screw. 


-4 


9 1 this tan ders Rid hicherts 4 
theſe Powers depends upon the Suppoſi- 
tion, that the — made Uſe of, 
ä are perfect in their Kind; that is, that 
—_ .evers be homogeneous and of equal 

- Breadth and Thickneſs in every Part: 

The Pullies perfectly round, and turning 
with all imaginable Freedom round their 
Axes; and the Wheels and Axles in like 
manner upon theirs; that the inclined 


Planes be every where perfectly ſmooth, 5 
and even; the Wedges made of och 


dom. 80 far as the Kabir fall ſe 


Matter as to be perfectly ſmooth and lu- 
bricous; and the Screws in like manner 
porſectly ſmooth, and ſo fitted to each o- 
ther, as to turn with all imaginable Free- 


ſo far wilt 


| 1 15 this Perſectio 
OE the 


ena of the, Machines aber ==] 
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Tu 1 B abs 8 nk able: inerten 


1 is, that which is called the Friction or 


. Rubbing of the Parts of the Machine, 
in overcoming of which, a great Part of. 
the Strength is loſt. This Friction is 
occaſioned by Roughneſs of the contigu- 
ous Surfaces, which is generally produ- 
_ ced in Length of Time, and ſometimes 
proceeds from other Cauſes. So old 
Hinges of Doors, or Window-Shut- 
ters, that have not been ſtirred, or open- 
ed a long time, move ſtiff. S0 if Wwe 
have Occaſion to c open a ruſty Lock witn 
a ruſty Key, we find it hard to overcome 
the Reſiſtance the Key meets with, and 
to turn it thro' the Wards, tho' the 


98 Lock, abating for its Ruſtineſs, be n 5 


good Condition as ever. So Screws of 
any Kind, that have lain by a long time, 
are generally turned with great. Pains; 

| becauſe the Air operating upon them a 

that while, by ruſting Metal, or rotting 

3 or  ſofiening Woe ood, makes the contiguous | 
1. PO Surfaces 
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Ex perience is « very | 
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WE. Susie of the Farts, is W at we call ; 
Friction. The moſt ſm .and pol 2 
ed Bodies in the World bays a. Jig 2 


* aa 


o* in ſome, it is ſcarcely ſenſible; „„ 


if the ſmootheſt have ſome.” i: 


* —S 


| thoſe Bodies that are leſs ſmooth mull 
have more. The Parts of Machines Gn 4 
_ chiefly of 


ron, Wood and ; Fat | 4 
therefore have ſome keen! FFF 
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| - s increaſed in time by the Iron — 
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which is ſultainede ed by a ! 

plication of Wheels, makes a very d 
ferent Impreſſion u 
it is of great Conſequence in 
nake'the Axle, \ 
Weight, and the Wheel 
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5 than any of the other / Axles r Wheels, 5 
which may be made ſo much ſlenderer, | 
as they are farther height from that | 


Hern inclined Plane i is not ſubject to | 
| any Exiction at all, but is attended with 
| is Bre ene; that if the Weight 


to be moved i is not naturally of a ſphæ- 
FO rical or cylindrical Figure, it 15: neceſſary 
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to annex to it ſome Contrivance to 
„ male „it capable of rolling upward ; i 
dditional Weight may. be per- 
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TT H E Sail "ER of ifs great 100 uni- 
1 verſal Uſe, by its Application to 
| is Motion of a Ship, and of a Wind- 
„ neceſſary to add an Explanati- 
WA 1 its Nature and Properties, to What 
has been ſaid concerning the other Me- 
2 chanical Powers. The moving Princi- 
ple of this Power being that Motion of 

the Air Which we call Wind, and not the 


. strength of an animal Creature, as of 


the Powers above deſcribed, it will be 
proper to ſpend a few Words i in the. Con- 
1 e of this new e a 
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the Air, tending ſometimes one Way, 
ſometimes another, in all manner of Di- 
rections. The Force of it is ſometimes | 
prodigious, as every one knows; and 


Trtrom that Height of Violence it defdends 
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Fo © through' all Degrees of Strength and 


Weakneſs to a perfect Calm. Its Velo- 
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5 Fey 50 ” Miles 3 in an Hour; 7 Re 5 
times its Motion is ſo flow, that one 


may out-walk it. N ow. between theſe 
two Extreams there are ſeveral i interme- 
diate Degrees of Velocity, Which ſerve 
a very conveniently. for a Principle of Mo- 
tion, when their Force i is applied and di- 


rected to a certain End by proper Con- 
trivances. This is done by Means of 
the Sail; Which is in Practice a large 75 
: Sheet of Canvas, or ſuch like Matter 3 
And in Speculation, a | Mathematical Su- | 
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1 HE manner of the 8 oe the 2X 
Wind upon the Sail, may be I think beſt 
£ conceived by a Suppoſition like the fol-. 
"lowing. Let us imagine a Ship in the 
Middle of the Sea, and the Air to be 
perfectly calm. Let there be ſuppoſed 
aſterwards a Stream of Air to come n 
the ſudden from the North, for Example, 
or any other Point of the Compaſs. Let 4 
_ the Motion of this Stream of Air be of Ez 


an ordinary Swiftneſs; as for Example, 
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Lines parallel tl hereto... Ar lat, hien 
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a Portion of this Stream of Air, wh 
1 and Figure i 1s. ual and fimlilar to | 
that of the Sail, will be intercepted | by 
the Sail i in its Courle, . This _intercepte 
Portion, will endeavour | to drive the Sail; 
and conſequently the Ship. before it With 3 
a Velocity equal to its own.. And in- 
deed were it poſſible for the Ship to 
float upon the Sea without drawing Wa- 
ter, it actually would do fo, But ſince 
by the Laws of Hydroſtaticks, and the 
Seeber of the Veſſel, the N88 1 muſt . 
be immerſed under the Water, it comes 1 
to paſs, that the Keel, in Uvids ig the 
Water for its Paſſage, 1 meets with a good 
deal of Reſiſtance; and that Reſiſtance, 
though! it is. not ſuBcient, N as. we find by 
Experience to ſtop. the N otion of tlie 
Ship, muſt to be Nie in ſome Meaſure | 
. it. 80 that by, the Ackion of 5 
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we call Wind, the Particles of the Air 
Will naturally be born along in right 
Lines parallel to each other. It i is true, 
ve ſometimes ſee it otherwiſe ; a8 when 
the Atoms of Duſt are dancing about in 
the Sun, they move in irregular Figures, 
as the Particles of Air are carried about: 
But that e IRA from ſome Ob- 
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rity of the Airs Motion it ſelf mo 
ing them from being 'exat ly. parallel. 
However, in our Reaſonings about them, 
"we always ſuppoſe them parallel, the 
Difference being of ittle or no Conſe 
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if BA b 4 repreſent &- 
| Superficies, which is a Sail mathemati- 
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1 5 A, we 1 a great N umber of "I £3 
| ticles moving in the Direction E B to- 
Wards the Part BA of the Superficies 

and impelling it, each of thoſe Parti- 


les, Will impell the Superficies ſuc- 


ceſſively in -the fame Manner. And a- 
geain, the Effect of the Aggregate or Sum 
of all thoſe Impulſes will be the ſame as 
of another Set of Particles moving in 

the ſame Direction between e and Fa, 

and impelling an equal Fart of the fame Y 
11 Superficies ba. 3 | ; 


+ SINCE chereſore all FI Particles of . 
Air moving in the ſame Direction have 


like Effects, it follows, That a Stream 
of Air or Wind operates upon a Superh. 
cies or Sail, in Proportion to the Sine of 
the Angle * its Incidence. For by the 
ſecond Axiom the Effect of the whole 
Stream is like to that of any one Parti- 
cle. And by what I thew'd under the 
inclined Plane, the Effect of any _ '. 
Particle will be as the Sine of the ale „ 
of Incidence. Therefore the Effect f 


; all the Particles, that is, of the whole | 
Stream of Air, will be alſo as the Sine 
. af The Angle of Incidence. - By 35 
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. * this is true upon this Suppoſiti- 
Th on only; that the Number of airy Par- 
5 ticles acting upon the Saff or Superficies, 
is the ſame at all Degrees of Inclination. 
If this Suppoſition be not true, there will 
| ariſe an Alteration of that Proportion. 
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AF, DG, and therefore to the Current 
of Air. Then 'tis plain, that the whole 
Portion of this Stream contained i in the 
pace between thoſe Tangents, will fall 
upon the Sail repreſented by the Diame 
, 


4 * * 
1 3 , p MS : . WY 
1 &: Ry 7 z SN „ ? 4 1 
* * - pan I * . f ; F: % + % 
, - 3 „ 8 — 
* N * 
C 5 
- . g . * 
A, & > 4 * 4 7 
bg * 0 4 
< . 6 ; ah 7 5 4 
= . i * + 
4 8 - . 1 
A * 5 : : $3 
. , 7 ; 1 ü 
i x 1 2 bag 
4 - ” a . + 
N 2 F : 
y . Gy 5 A 13 
- 4 4 > 
« 
N wn * \ . 
j 
£ 
* F 
— 1 a » — Y 
, ; 8 
o _— 
* £ 
3 
> 2 — « 
U * 
7 a : 1 . 5 
8 
* * K 4 
ff is 
: - P 2 5 
. 
— * 1. 
- * 
. : < 2 
c 
4 a 
. * 4 
—— A * , * 
- 7 ” bY 4 
% 
/ af o 
* - 
* * 6 * 
1 4 * \ 
15 0 1 
6 2 0 Fi So & x 
4 E „ ff \ 1 7 


mo 6 ue? us now e als will FO 5 
| Conſequence of turning the Sail in an 


; q 
$ * 
—)— INES 


1 8 oblique Situation, as BE. Draw B H, 
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7 appears, that the! Particles of Air con- 
tained in the Space between B Hand 
AF on one Side, and in the Space be- 
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beſide the Sail B E when it is in this Po-. 
Ae not touching it at all. Draw 
B C parallel to A D, and then the Por- 
tion of the Stream aftiog upon the Sail 
B E will be as BC, and the Portion of 
the ſame Stream acting upon the Sail 
AD, will be as AD it ſelf. Draw K IL. 


from the Centre K parallel to I E. Then 
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5 it will be me in order to wake its 


Effeck as great as poſſible, to make that 


ene . 


ngle as great as poſſible, that is a rinnt 
cone. 2. That nevertheleſs, this is to be DR. 
= underſtood only of a ſingle Sail; but „„ 
as in large Veſſels, e make uſe of a 
one, the Caſe will be much alter'd. 0 op 
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For in the Figure let A BC D, HIK I, | 


re reſent. two. parallel Sails, which „% a 
wma ſuppoſe applied like thoſe in a A 

W | 8 and i imagine t. 12 [1nd to move in the | Po 

| _ DireQtion EF, at right Angles to the 


TY © Buperficies A BCP. Now in hett 5 
Caſe, by what was faid, before, it will 8 


7 - undoubtedly. have a greater Effect upon 3 
| that Sail, than if it mov'd in the Dire. 
tion CG at an Angle of 6e, by how 1 
1 much the quare of Radius exceeds 1 

quare of the Sine of 60. But than'the © **. 
indmoſt Sail will be of little or no Uſe, - 
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by reaſon that the other ſtanding dire . 
ly between it and the Wind, will keep 5 
off the Wind from acting upon it. But 
if the Wind moves at an Angle of 60 
to both the Superficies, it will act equal- 
ly upon them both, with an Effect, that 
is as the Square 'of the Sine of 609. . 
Therefore their ſeveral Forces being u- 
nited, will exceed the Force of a Wind 
applied at right Angles, as much as twice 
the Square of the Sine of 60 exceeds 
the Square of Radius. And if we ſup- - 
. poſe three Sails behind each other, as is 
_ uſual, the Advantage of ſuch a Side-wind 
appears ſtill greater; being as three times 
the Square of the Sine of 609 to the 
Square of Radius. 3. The Effect of the 


Sail being in Proportion cæteris pari- 


. bus to the No of Particles, and the Ne 

of Particles in Proportion to the Bigneſs 
of the Sail, or the Area of the Super- 
ficies, it follows, that the Effect of 


the Sail, cæteris paribus, will be as its 
Area; fo that in order to make its 


Effect as great as 9 8 its AS. muſt 
© i as great ; as OY” 8 
55 * have 


TD 
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5 fl the Properties of the Sail. I could 


| have been very glad to have taken No- 


rice diſtinctly and particularly of its Uſe 
and Application in the Management of 
a Ship. But not having had an Oppor- 
tunity of ſeeing the Practice, as having 
never gone a Voyage by Sea, it would 
be little better than Impertinence, to 
pretend to fay any thing upon that Sub- 
ject. I ſhall only at preſent make an 
Obſervation or two' upon its Uſe upon 


1 other Occaſions; the firſt of theſe is a 


Windmill, in the Contrivance of Which, 
there is ſomething more curious chan, 2 


os og : of FL Ferſon was obiery” d. 


1K HE Difference of 4 Sails of: a Ship ; 

i 1 a Windmill, conſiſts in this; that 

the former proceed continually in a right L 

Line before the Wind, whereas the latter 
have a circular Motion round a fixed 

Point or Axis; which circular Motion is 

5 12878 at Is, Angles i to the Current of 
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5 J Powers. e 
EE... Wind or nearly ©; otherwiſe, the ; 
=. 0 this Effect is is produced, | 
5 for! it ſeems at firſt- ght a little. paradox- i 


4 8 ical, to cauſe Sails to move in a Direce. . 1 
tion perpendicular to that of the Wind, Bj 


REN „ we: Will at firſt ſuppoſe i in the Figure J = f 


one Sail, only as 8, faſten'd. to an Axis | 
1 A, which Axis is to be made to turn by 


nn the Wind upon the Sail S. "To = 


. ee Purpoſe the Sail muſt be placed, 5 
10t perpendicular to the Courſe of the 
5 Wind, becauſe the Wind, tho? it has then 15 


IV the greateſt Influence upon it, has = 0 


= Effet in making it turn round; nor E 


> parallel to the Current of the Wind, . 
gaauauſe in that Caſe the Wind could i 1 
upon it at all; but obliquely, ſo 


5 5 the Wind moving in the Dir | 
E.. - AB, AB, AB: mayidult upon the Sail 5 | 
D aſlant.. Ins this. Caſe, the Effe will be by 
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| Where it finds. ; ibevty:3 "I by the Con: 58 5 


ſtruckion of the Machine, it can only 
move towards E, round the Axis A W 
Which it accordingly does e 0 : 
long a as the Wind „ 


N. o w if the 1 Sail D were in 5 
he ſame Poſition as the Sail S, as in Fig. 


the Wind would act upon the Sail D iW 


the ſame manner as it does upon 8, and 
cauſe it to revolve towards C in like 


manner, and with the ſame Force. But 


theſe two Motions: equal and contrary, 


Y 5 would deſtroy each other, and ſo render 


the Machine uſeleſs. Therefore to prevent 
that, they turn the Sail D in a contrary 
Poſition, tho? at a like Degree of Incli- 
nation; by which Means, at the ſame 


time that the Sail is impelled by the 5 


Wind, and forced to revolve towards F; 
the Sail D is impelled by the Wind fal- 
lng upon it in the fame Angle, and for- 


ced to revolve towards G. Now this 


Revolution of the Sail D conſpires with 
that of the Sail 8; which cauſes the 
_ Axis to turn round with twice tha 
r 0 ” CD Force. | 
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ö Force. In the fame manner, one it 
ſhew, that the Sail 


5 F will revolve to- 

wouards D, and the Sail G revolve to. 0 
wards 8, fo that all the Sails will Oy 8 

to move in the ſame Direction. 8 


3 — den this Power 43 
. the Mechaniſm of the Flying of Birds; 
|, - the Wings of the Bird anſwering to the 
. Sail, and the Reſiſtance the Air makes 
N chem! in their Motion, anſwering to 
the Impreſſion of the Wind upon the 
Sail. I ſhall make an Obſervation or 
two upon the Structure of thoſe Inſtru- 
a ments of Motion, tending: to illuſtrate. 
the Wiſdom of the great Creator in 1 
= See and Fabrick of them. ; 


1 8 Ad Firſt, ſince the' AQion bf the 
= - Wind upon a Superficies, is greater 
br leſs, as that e is greater or” - 
leſs ; ſo in this Caſe we find the Wings. 
of a Bird, eſpecially ee ſpread out, 

are very large i in Proportion to the Body 

to be ſuſtained by them. Secondly, tne 
Wings are alſo my a Httle COLE: on 

= 0 ö the 
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3 the. —.— side; 5 becauſe the Reſiſtance On 


the Air makes to them, muſt needs be 


| ſo1 much the greater, as. being ſurrounded 7 


and confined under that Cavity of the 

Wing; and by that Means, not eſcaping 

| fo ſoon, it undergoes, as it were, a ſhort 
Condenſation, which increaſing the 

Number of airy Particles ated upon by 
the Wing, muſt increaſe the Reſiſtance 
made to it. Thirdly, as the Reſiſtance 

made to the Wings in their Deſcent, 
ſhould be as great as poſſible; ſo the 


Reſiſtance made to them in their Return 


_- upwards, ſhould be as ſmall as poſlible ; . 
. becauſe if theſe two Reſiſtances were e- 
qual, the Bird would deſcend as much 
when the Wings are lifted up, as it riſes 
When they are let down. To this End, 
as in the Deſcent, tWo Contrivances are 
made uſe of to increaſe the Superficies of 
_ the Wing, and the Reſiſtance made to it, 
ſo in the Aſcent the ſame Contrivances 
are reverſed. For as the Wings are Con- 
cave on the lower Side, on the upper 
Side they are convex, by which Means, 
1 = Air * off with ne Eaſe. And 
n „ VE 5 
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as . Bird has 4 Power 21 expanding 
the Wings in their deſcent beyond their 
natural Breadth, in order to receive as 
great a Quantity of Air under them as 
poſſible; ſo in their Aſcent it has a Pow- - 
. "oro contracting them as much, to re- 
ceive as ſmall a Quantity of Air as poſſi- 5 
ble. Some Birds have a Faculty of turning 
the great Feathers in their Wings to a 


3 per pendicular Situation, when they lift 


up their Wings. By this Means the Air 
having free Paſſage thro? the Intervals of 
the great Feathers, : the Reſiſtance it 
| makes to this Motion of the Wings muſt 
be very ſmall. A like Contrivance is ob- 
Tervable in Inſects, in whoſe Wings are 
ſeen, as it were ſmall Threads branching 
themſelves quite thro the Wing. By 
the Help of theſe Threads opening and 
ſhutting, the Wing is made to open and 
contract it ſelf, like a Ladies Fan by 
Ml-eans of the Sticks. And theſe two 
oppoſite Actions are performed with in- 
credible Swiftneſs ; the Motion of the 
Wings, in Inſects eſpecially, upwards 
| * ä Wein ſo quick as to e- 
„ +» | „ 


8 
* „ 

8 . © 
y i, = 
* 5 
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1 che Pn 45 un 
N in Geometry, will find 
* little in the former 

— ch of this Work relating 
to the Laws of Motion, and the four 
firſt Powers, which a tolerable Skill in 


Arithmetic, and a little natural Sagaci- 
ty joined with ſome Application will not 
make him Maſter of. At leaſt if he finds 


ſome Difficulty to enter into a few of 
the Demonſtrations, in which it was im- 


poſſible to avoid ſome Geometrical 
Terms and Reaſoning; he will however 
eaſily underſtand the Concluſions drawn 
ftom them, ſo as to take them upon 
Truſt till he has attained Geometry e- 


9 oh it is a very little, that f is re- 


. quiſie) EE 
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yrs XY as oy age CL 


4 n 1 * 8 


1 | _— go nuns the Os alters 


wards. But ' becauſe in treating of the 
other Powers, it was neceſſary to expreſs 
not only the Reaſonings, but ſometimes 
alſo the Concluſions ariſing from them 
in Terms purely Geometrical, which 
would make all there ſaid of no Service 
to thoſe, who are unacquainted with 
the Meaning of thoſe Terms, as I ſup- 
poſe ſeveral of my Readers to be; I ſhall 


therefore ſubjoin, by way of Appendix 
ſome numerical Calculations founded on 
_ thoſe Concluſions. Becauſe ſuch Calcu- 
_ lations will ſerve not only to make the 
Principles on which they depend, bet- 
ter underſtood ; but to direct others in 
making the like, when. Occaſion ſhall . 
5 * 5 | | 


TAE firlt Propoſition 39 to Fr 
3 Plane (J. pag. 122. or 129.) is 


that a Force, which ſuſtains a Weight 


upon an inclined Plane, will be to the 


Weight it ſelf, as the Sine of the An ole 


of Inclination of the Plane to the Radi. 


us. But this Term of the Sine of an 
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4 To this Purpoſe it muſt be remem-. n 
dee, that to meaſure the Greatneſs of 
3 Angle, as ACP, the Way is, to ſet 


.W 3 


home? 


E one Fpot of the Conpalles at the angular 85 
Point C, and from thence to deſcribe a 
MH Circle. Then the Arc AF of that Cir- 

E : cle meaſures the Greatneſs of the Angle ; 
=. A C F;t the Angle being reckoned Sreat- 
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er or 3 as — Arc wy the Ci . in- 
| eee the Legs CA, CF, 
zs greater or leſs. So the Angle DCE. 
= is greater than the Angle A 72 E, 1 
cauſe the Arc D F is greater than the Arc 


AF. If then from the Point D, where . 


the Leg C D cuts the Circle, we let fal- 
pe ndicular D S to cut the other Leg 

C in 8, that right Line DS. is called 
de Sine of the Angle DCF. So the 


5 Perpendicular As is the Sine of the An- 


gle A CS. 300 OR: * e 
5 Were, 


TY Tu AT as the Angle grows greats 3 

er, the Sine grows greater. So the Sine 
Ds is longer than A 8, as hag yy Sine | 

of A _— Angle. ag ate Was os 


2. As it Appears by Infoedtion, "os | 


as the Sines grow larger, they approach 


nearer to the Radius CR at right An- 
5 gles to CE, therefore when the Angle ; 
+ increaſed to 90*, the Radius and the 
Bine coincide. So that the Sine of 902 
. * the fame * with the Radius. . 
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Degrees only, which are ſet down in 


this Table. 
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ſeveral Propoſitions rel; ting to the incli. 
ned Plane may be exemplified, 

Queſtions 2 N that Pow 

1 ly reſolved. c. 
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LE 1 there be given then 4 We 
af 50 Pounds, rolling down an inclined 
Plane, whoſe. Angle of Inclination is 
30 deg. and let it be required to know _ 
the Power able to. ſuſtain it upon that 
- os. T 75 EET 10 e 5 


= 7 * Ta - * 4 A At 
_ 8 Io ” o F * Kay ) A*. 8 
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of 90% is to = Sine of the wok | 
Incl: ination, which is in this Queſtion 
30% Look in the T able for the Sine of 
2 Which is of 50000 Parts... T hen 
As 150000 the Sine of go®, or Radius 
is to 50000 the Sine of 30%; ſo is 30 
Pounds the Quantity of the Weight to 
the Power able to ſi lain! it on that P ePane, 
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5 o find the ns; of that Ping; F 
we hate now nothing but a common . 
Queſtion of the Rule of Three to re- 
ſolve. For multiplying the ſecond Num- 
ber 50000 by the third, which is 30; 
and dividing by rooooo the firſt, the 
Quotient is 25, the Quantity of the 
Power. So that a Power equal to 25 1 
Pounds will ſuſtain a Weight of 30 upon — 
an inclined Plane, whole Nw of nel - 
. 8 4 "I 


7 1 LE 225 
* 


F 58 0 if the Queſtion were reread; „ 
and the Power 25 Pounds, and the A= = 
gle of Inclination 30ů be given, and the 4; 
Weight required, it is anſwered in the -  þ 
fame manner, by only tranſpoſing the | 24 
Terms, and ſay ing, As 50000 to 25, ſo 
_ Toco00 to the Weight, which, by multi- 

_ plying and dividing according to the 
Golden Rule, comes out 50 Pounds, 5 
Which is the Weight ſuch a Power is _— 
able to * N a P Fa of chat In f | © : 1 
eee, BOP Cot TE. 1 „ 


” 
2 


Anv if the Power and Wikre 
given, and the Angle of Inclination 
required, it is found by diſpoſing the) 
Terms in another Order; ; and ſaying, As 
50 the Weight to 100000, the Sine of 
900 or Radius, ſo is 25 the Power of the . 
Sine of the Angle of Inclination. Mul- | 
tiply 25 by 100000, and divide by 30, 
and the Quotient is 50000. Look in the 
Table of Sines for that N umber, and 
you will find it ſtanding over againſt 30 
| which is the Angle of Inclination, neceſ- 
fary to enable a Power of 25 Pounds 3 
port a a Weight of 30. e e e 
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after this Aae, all other . 
8 of the lame Kind are 1 
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5 * che Hel p of this Table, we may 
erte anſwer all Queſtions relating to 
the ſecond Propoſition. As for Exam | 
ple. It being already known by the 
foregoing Prop. that à Power of * 

_ Pounds, applied in a Direction parallel to 
the Plane, will fi aſtain a Weight of 50. 
Poprds 


pi 7 When He wp" wr pes 5 
is 30, , it is required to find what 
Weighs the fame Power will ſuſtain when 

it is applied in a Direction inclined to 


the ſame Plane in an Angle of 20 Deg. 


or in the Words of that Propoſition, 


when the de e of A e of 15 
Payer is 20 deg... 


Ne 0 w by that Prop. the Effect of the 
| Boer; in this Direction vill be to the 
Effect of the ſame Power in a Direction 
parallel to the Plane, as the Sine Comple- 
ment of the Angle of Application to Ra · 
dius. The Complement of any Angle is 
ſo much as it wants of 90 deg. To know - 
therefore the Complement of any Angle, 


ſubſtract the Number expreſſing the 
Quantity of that Angle from 9o, and 


the Remainder is the Complement. 8so 

in the preſent Caſe the Angle of Appli- 

cation of the Power is 20 deg. take 20 

from 90% the Remainder is c the Com- 

x plement of that Angle. The Sine of 
oo is therefore the Sine of the Comnie- 


* 5 - 
. 


2 22 = "Of the Machart Prams. 


lr Brevity the Sine Complement. | 
'The ane will thereto be, As 


— . 
* 
} 

5 44 


| IOOOOO or Radius is to. the Sine of | 


70, wi is 50 Pounds, the Weight which 
the Power can ſupport when applied in 


a Direction e to rhe Fun to a- 


for the Sine of 70% whit is 93969; ö thes | 


lay, As 100000 tp93969, ſo is 50 to the 


Weight ſought; and by working by the 
| Golden Rule, the Weight ſought will 

come out 46 Pounds, and 2 of a 
Pound, or 47 Pounds very nearly. 80 
that by the oblique Application of the 


Power, there is loſt above three Pounds 


in its Effect. And by the fame Method 
the Loſs will appear ſtill greater, if the 


rl ag a ON be full renner: ap 


WI s come now to the wind Projoli- 


tion; which is, that the Preſſure of the 

Weight is as the Sine Complement to 
90 of the Angle of Inclination; or 
30 Which i is the ſame thing, that the Quan- 

ity of Preſſure of the Weight upon the 


Fuss: 1540 the whole E as >the Sine 
— 


Je is to 7 — IS it hes. fel] 1 
required to find hat the Quantity is of —_ 
the Preſſure of the abovementioned 
Weight of 50 Pounds on the inclined 

Plans Aoneüd, + wa 8 Angle o Ark | 

ballen 1990 Hor #2 onal ai ee 


| FI I 0 D. firſt ff Complement 2 209 
which is 60% Then find in the Table "i 
the Sine of 60% which is 86602. Then 1 
the Proportion will be, As Radius _ ö 
1000 to 86602 the Sine Compl, of 0 Þ 
or the Sine of 69%, ſo is the Weight of 
o Pounds to the Quantity of its Preſſure 
on the Plane; and this Prefſ ure, by work- _ 9 
ing by the Golden Rule, will come ien 7. 
44 Pounds and x: r e A Pound.” | 


"IE 


84 0 15 it were 3 to 80 an 3 155 
5 gle of ſuch an Inclination, as that the 
Preſſure ofa giyen Weight, as 50 Pounds, 1 
ſhould be neither greater nor leſs tan 
a Quantity aſſigned, AF for Example 44 Þ} 
| Fouts and one thir, z then by tranſpo- Þ 
the Terms tay, "As 50 the whole w_ 


K * 3 gh. cgi #8 © a 5 _ 
2 4 7 : * = * = 
be a . * 0 1 
? g : * 
5 
1 
* WEIS 
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20060 the Radius, ſo is 44; 3 
to _— Sine Complement of the Angle 
required. T hen multiplying and divi- 
ang $4 beſerg there is produced the 
Number 86602. Lock for this Number 
in the Table of Sines, and it ſtands over 
againſt 60 deg. the Complement of the 
1 fought, which Angle, by Conie- 
F muſt be fo 1 a as . | 


F 


covey? HE Jobber Pr; poſition is tay the ” 
Force of Percuſſion or Impulſe of any 
Body in Motion upon a Surface, is as 
the Sine of the Angle of Incidence, cxx 
teri. paribur, that is, ſuppoſing the 
elocity and F of the Body tu 
be in all Caſes the ſame.” T herefore the 
Table of+ Sines exhibits by TnſpeQ 
the Proportions of the ſeveral Impulſes 
at the ſeveral: D Degrees of Inclination. 
That i is, a My impinging on a Surface 
one Degree of» Tnelination - impels 
66 Wt) 15 Darts of Force, 

at Wo grees with - 3489 Parts, c. 
rilllar 1 ng Tnelination 30 when! * 
abe, 2 "ale. Wen I Se 


2 — 


„ 4 
* 


. 


— — 


falls on the fame Surface: 
it impels it with 100000 Parts of Force 
By dividing one Sine by. another, we 
may expreſs this Proportion ſtill more 
zonciſely. As if it were required to 
know, how much the Impulſe at 900 of 
Inelination is greater than at one Degres 
of Inclination. Divide ooo by 1745, 
and the Quotient is 37 and a Fraction, 
which ſhews that the Effect of a Body 
impinging on a Surface at one Degree of 
Incidence, is above 57 times leſs than 
the Effect of the ſame when im pinging 
on a Surface perpendicularly. And in 
the ſame Manner may be found the Pro- 
ym ren ogy en . 5 


h Fw it were ret be to 
aſſign an Angle of Inclination, in which 
a Body in Motion 2 a Surface 
ſhould produce: tan a given Pro- 
portion to the Rffect 0 5 the ſame Body 
impinging on it in another given Angle. 4 
= nao rt If it were r to 
all x le which ſhould produce 
wo & ſour times n chan an An- 


5 


— 


Product i 18 62572. Now this 0 um 
is not to be found in the Table; but one 


EL TA 7 the Mae Powers. _ — If 


gleof 9. deg. - Firſt look 
or the Sine of 9 deg. wo you i find" ic 
15643. Multiply this by 4, and che 


very” near it ſtands over againſt 39 deg. 


vi. 62932. Therefore taking the An- 


gle a little leſs than 39 8 it $1.8 ward 1 


| hoot _ wer rig 49 


* it be dare to allign this dings 


more nicely, we muſt conſult the large 


Tables: calculated to Minutes, where 


there appears 62 569 over againſt 38 deg. 
44 min. Which is the Angle required. 
It is true, this Number is not exactlx 

the ſame as the other; but the Diffe- 
rence is ſo ſmall, as to he of no Conſi. . 

deration. In tha ſame Manner one may 


diminiſh the Impulſe in the N 


5 ee by derer e Thy Sine 3 17 LO: - 


10 o "ire. aher by Aiminiſhiog' lhe A1. 
ele one may diminiſ the Impulſe in 
17 Propo reion- req) ep gay yall 


5 


1 Fer the e en as ry as we 7 | 
The Increaſe has a Limit, which the Di- 
minution has not. For Example. Sup- 


poſe it were required to find an Angle 
whoſe Effect ſhould be 4 Times leſs 
than that of an Angle of 30 deg. By 
dividing 50000 the Sine of the given 
Angle by 4, there is produced 12300, the 35 
Sine of 7 deg. 11 min. the Angle re- 
quired; ſo that this Demand is 3 7 
But if it were required to aſſign an An- 


gle, whoſe Effect ſhould be four Times 


greater than that of 30 deg. this would 
be found — For multiplying 
N 50000, the Sine of 300 by 43 the Product 
is 200000. But the greateſt Number 
2 to ſtand in this Table is 1000, 
becauſe the Sine of a right Angle is the 
telt of all the Sines. And therefore in 
all Caſes of this Nature, when the Pro- 
duct exceeds ioooο, it ſhews that the 
Effect required cannot be produced by 
increaſing the Angle ani; but that al- 
7 fo. an n Addition muſt b e made to the Ve- 
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g of tho Sail it was — 
A of that Power would be, 
— of the Sine of the 
of Incidence of the Wind upon 4 
as: the Square of the Velocity, and 
ficies.or Area of the Sail it 
ſelf. I may be proper 0, make the 
of all this more elear 


upon the other i in an 1 Angle of 5 
300. Or Which is the ſame 
e two Ships, one in Europe, 5 © 
ther in Aſia (having each a ſin Je — 
only) to be ſteering directly South; and 
that the former had the Wind i in } un. 
North-Weſt Point, and the Latter in the 
North North « Weſt. Let the North. 
Weſt Wind blowtwice.as ſtrong as the 
N. N.. W and bot the Sail _ _— op: 


6015 | : | il 


2 
9 


= Sail of f the ate? cs "NE: "The. 
Queſtion then is, how we ſhall know _ 
the Proportion'of the Effect of theſe two 
Winds upon *theſe tO Ships; or hw | 
mch one of theſe will Nail faſter than 
the other. And this Queſtion is auer. 
Ns by the FivpeBiton: en 


by et fir, 9 0 Effect will ben thi 108 
1 Square of the Sine of the Angle of In- 
Cidence. Therefore, ſince the Wind 
blowing from the N. W. makes an Ans - 
geile of 45% with the Sail of 4 Ship that 
ſteers directly South;” and from the N. 
N. W. makes an Angle of 67 307, it 
follows that its Effect upon each Will be 
as the Square of the Sine of 45%, and as 
the Square of the Sine of 650, 300. 
Look in the Table above for the Sine of 
_ 45%, which is 70510. Multiply this into 
itſelf, and it produces the Square of the 
Sine, which is 4999904100. VE" like 
Manner find the Sine of 659, 9 zo" from 
the large Tables of De Mi- 
nutes, 'which is 92 387. Y This multiplied 
Bev it ſelf, produces ANTON 85353. 


nates nos Be al "Iu 


; | 230” "Of 2 Dee N 1 5 
37769. ; Therefore the N. W. Wind . 


Wt . 
. 5 


— the Ship forwards with a Force, 


that is, as 4999904100; and the N. N. 
W. with à Force, that is, as 85353 57769. 
Cut off; n equal Number of, Figures: in 
both of them and the elocity of the 
firſt Ship-will. be to that of Ks latter, 
as 499 77 a ogy is Hang oF: ; 


ki Pc ing =" „ 
or Strength of the Wind to be equal in 
both Caſes. But ſince the N. W. Wind 
was ſuppoſed to blow twice as ſtrong as 

the N. N. W. this will produce a new | 
Conſequence. For the Velocity of the 
former being as 2, and of the other as 1, 
tbe Squares of the Velocities will be 

"i multiplied by 2 and 1 multiplied by 
1, that is 4 and 1. Therefore to find 
the true Proportion of the Velocities iof 
theſe two Ships, we muſt multiply the - 
Numbers before. found, viz. 499 and 
$52, ſeverally into the Squares of the 
Velocity of the Wind reſpectively be- 


NOPE 10 each; that! 15 499 ** 15 and 


* N : 
- 33 

"Y » 4 = 7 
FEE is * 4 7 2 £ f 2 
* * = * 8 | _ . N i 2 8 ; 8; ; 
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853 5 17 whielz produce 1996; and $53: - 
fo that the former Ship will ſail wich a 
Velocity, as 199, and the ſecond with a 


: : hw rs 5 een is as 2 and 8 to . 


1 Th: 1 this is ill 8 hs Sails 5 
0 to be equal in both Caſes; but theſe be- 
ing ſuppoſed different, it will be — 1 
ry to multiply the two Numbers laſt 
found, ſeverally by the Areas of the re- 
> ſpective Sails. Multiplying therefore 
1996 by 20 the Area of the Sail of the 
former Ship, and 853 by 30 the Area or 
Superficies of the Sail belonging to the 
latter; the Products will be 39920 and 
25590; that is, the Velocities of theſe 
two Ships, ariſing from the different Cir- 
cumſtances here ſuppoſed, will be to each 
other, as 39920 to 25590, or by a more 
5 RO Expraſfiva, as 39 to 25, ora 


1 T may not 85 amiſs to o ber erve 9 ; 
When the Angles in a Queſtionvare"ex>... | 
an | 


preſſde in odd Minutes, th : 


e 


eee Deren 
Table above Roy 4 


„ 175 ae eh T able t 10 biadee Sing 275 4 
Take the Sine of 8% Which is 99862, 
aAaaäläancd the Sine of 885, which is 99939; 


ſüubſtract the leaſt from the greateſt, and 
the Remainder is 77- Divide this by 605 


Ef. iotient by the Number of odd Mi- 
nutes, Which is 21, Which produces 21. 

El Add'this Number 15 found to the Sine 
of 37, and it gives the Sine of 87, 21 
very nearly. For this Addition produces 
the Number 99883; and the true Sine 
2Z?“L 99893; ſo that the Difference 8 
5 the Sine fo found and the true one 
but of one Part i in 10000. 85 8 3 


5 N 1 W5 * - Is 74 . 
. * . * 


40 '£ «ak oF ; ; 1 
- 1 15 8 of { : ; * » 
* * P 3 ; v 
> . h 
1 . 4 
* * 
. 


„ 
— 2 


A 3 


and the Quotient is 1. Multiply this , 


Errors of the Preſs in l. 2 | 
Being particularly troubleſome, the Reader is de- 


being 
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ed to take Notice of theſe that follow. 
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Pag. 8. lin. 6. from the Bottom for is to read into. | 


Pag. 24. lin. penult. read & conſpiring of contrary, &c. Pag. 
29. lin. 19. add, and the Force wbich 44 as 4 Eto AE 
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leſs or greater. Pag. 54+ In the Scheme put in the Letter 7; 
in the Line E C D. Pag. 56. add the Letter D in the 


Pag. 48. lin. 16. read ſborter or longer. Tbid. lin. 18. read 


Scheme to the Weight on the left Hand. Pag. 66. for:. 


this read bis. Pag. 110. lin. 10. read 24 Hg. Pag. 11 Is 
lin. 3. from the Bottom read with, Pag. 192. lin. 2. read 
Fig. 1. &c. Pag. 193. lin. 13. read, inthe ad Figare, &c.' 
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vel s Parallel of ancient and | modern LEY 
teQure, Folio. — 

- Harris's Lexicon N Vol Folic... „ 

3 . The Art of ſound Building demonſtrated in geome- 
8 * Problems, ſhewing geometrical Lines for all! 
Kinda of Arches, Niches, roins, and twiſted Rails 
[os * | both regular and irregular ; with "ſeveral other OT Os 
La Draughts of Buildings and Stair-caſes ; all curiouſly 
> raven on Copper-plares; wherein are laid ” OS 
2 ited to 352 Capacity eaſy, Practical Methods for 


| Carpenters, oyners, s, or Bricklayers to * ow” 


Y 7 by 3 ; the ſecon Edition. To which are added uſe=- 
FROST ful Tables of che. Proportions of the Members of all | 
EE = Orders, calculated in Feer and Inches, for the Uſe 
EC of practical Builders. By William * Haley, Arebi- 5 
_ 3 and 1 rpenter. . Folio. Ps 8 | . ] 
— A New Earth, from its Original, to 
= : 1 WM an, all Things; wherein e Sies. 
A tion of the World in fix Days, che. univerſal. Delu 
- and the. general Conflagration,. as lid [down in — 
2 | holy Scriptures, are ſhewn to be. perfectly A 1 
3 to Reaſon and Philoſophy: With a large introduQory : : 
4 ” Diſcourſe concernt 500 genuine Nature, Stile, ande 
: Extent. of the Moſ: ay of the Creation. By " 2 
* William Whiſton, A. M, late Profeſſor of the Mathe- 
. maticks in the Univerſity of Cambridge. The Fourth 
3 Edition; "reviſed and corrected by the Author. Octavo. 
* Arithmetics Univerſalis : Sive de Compoſitione &. 
Fe | Reſolatione Arithmetica Liber. Editio Secunda, in 
5 1 * immutantur & emendantur, | nonnulla vi > Pe 8 
We Octavo. | ' ws Foo 
33 Prælectiones Phyſico: 8 Cantabrigi =, in 
By 8 publicis habitæ. Quibus Philoſophia illoftrifimm? 
4 Newtoni Mathematica explicatius traditur, & facilius 0 
- — demonſtragiie+ Cometographia etiam Halleianz'commen. 
2 - rarioloilluftiatur,: Cui CE lunt, in hac Secunda Editio- 
. ne XI. Preleftiones de Eclipfibus antiquis. A Gulielmo 
= _  . Whiſton, A- A. M. & Mathelews Profelloc . 
* x. * | In — Bren. 3 Ee 7 „ 

Bos ets 5 : ; { of 


